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REFERENCE CELLS 


(Type 5313) 


Ly 7 


Designed for use in industrial 
equipment, these miniature reference 
cells are made with an unsaturated 
electrolyte. They can be supplied 
either unmounted or in black 
perspex cases as illustrated. 


specifications 
e.m.f.: 1.0193 + 0.0005 voit: 


Temp. Coefficient: less than .0! % over the 
10°C —40°C i.e. approx. 0.0003", 
degree Centigrade 


Internal Resistance: less than |000 onms at 2 


Dimensions: 
Height: 24” 
Width: 1” 23cm 


H. Tinsley & Co. Ltd., Werndee Hall, South Norwood 


London, S.E.25. ADDiscombe 6046-8 
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The 30PIT is a compact mobile pilot plant 


for either research or small scale pro- 


It is a shelf freeze drier with 


duction. 


self-contained services and has been 


developed for drying or concentrating 


duties which require controlled condi- 


tions throughout the initial freezing and 


subsequent drying cycle. 


This new unit provides the means for 


maximum exploitation of the freeze 


drying process for biochemicals, anti- 


bletics, drugs, foodstuffs, etc. The % Complete cycle from initial freezing to final stoppering 
can be carried out without breaking the vacuum in 
shelves can be refrigerated or heated as the chamber. 


%* Shelves cooled to —20 C by refrigeration or heated 
by thermostatically controlled heaters bonded beneath 
each shelf. 


% Condenser refrigerated to —50 C by hermetically 
sealed compressor. 


required and can accommodate powder, 


cake or liquid containers. 


% Complete instrumentation for measuring condenser 
and product temperatures and vacuum pressure in the 
chamber. 


EDWARDS HIGH VACUUM LTD MANOR ROYAL 
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C. F. CASELLA & CO. LTD. 


a4 


Assmann Hygrometer 
measures humidity 
to 1% of accuracy 


In the manufacture of textiles, photographic film, 
tobacco, paper and confectionery, in printing, food 
storage and research, the accurate measurement of 
relative humidity is of major importance. 

With the Assmann Hygrometer relative humidity 
of the air can be measured to an accuracy of 1%. 
Electric or Clock aspiration and a wide range of 
thermometers are available. Send for leaflet 798/N. 


Dept. N), Regent House, Fitzroy Square, London, W.1 EUSton 3944 § 6/7 


PORT WINDOW 
FOR REMOVAL 
OF SECTIONS 


ORIFICE FOR 
co, JET 


ANTI-ROLL 
CONTROL 


NON-DISTORT 
ING FRAMED = 
PERSPEX 

BAFFLE 


From fresh tissue to mounted stained 


sections in 3 minutes. 


FEATURES 
Cuts sections down to | micron. 
Serial sections cut at 3 microns. 
Entirely remotely controlled. 


Thermostatic control between —5°C. and — 30°C. 
For ultra-thin sections and friable tissues knife blade 


cooled to —50° C 


THE ‘PEARSE’ COLD 
MICROTOME 


CRYOSTAT 


MARK II 


The Original =" 
Microtome With All 
External Controls 


MICROM 


CONTROL 


RESETTING CONTRO! 


CUTTING 
CONTROL 


INSULATED 
NIGHT 


Cuts freely at all temperatures ; will not rust. 


Instant availability for rapid biopsies. 


Low initial cost and minimum operating attention 


UNIT 


SLEE 


SOUTH LONDON ELECTRICAL EQUIPMENT CO. LTD. 


LANIER WORKS, HITHER GREEN 
Telephone: LEE Green 48146 


CASTOR 
WHEELS 


LANE, LONDON, S.E.13 
Telegrams SLEECO, LONDON 
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PIONEER MILL, RADCLIFFE. 
LANGS. Trelephone-RADCLIFFE 3041-2 
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In the end, the value of a 
microscope as a tool of 

research is decided by what the 
scientist can see with it. But there 
is more to a Leitz microscope than 
superb optical performance. Ponder, 
if you will, the mechanical side. 


You can fee/ the precision that is built 
nto a Leitz microscope. You can 

feel it in silk-smooth move- 

ments, in rock-like rigidity 

and in acutely sensitive 

controls carefully grouped 

and positioned to minimise 
microscopy's relentless enemy, fatigue. 


There is in truth a great dea! more 
to a Leitz microscope than 

meets the eye. Not only is it the 
world's finest microscope. 

It is, for countless thousands 

of experienced scientific workers, 
an ever reliable companion. 


a microscope by 


LEITZ ORTHOLUX binocular research microscope 
(built-in transmitted light), with combined photo 
tube, equipped here with photomicrographic 
aitachment MIKAS and LEICA M1 camera body. 


a product 


Of thoughtfulness 


and skill 


LEITZ (INSTRUMENTS) LTD 


Mortimer Street, London, W.1 
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A NEW 


APPROACH 


prECISE 


MEASUREMENT 


OF RADIOACTIVITY 


IN GAS 


LINOLENATE 


» 40 50 60 


LINOLEATE 


OLEATE 


STEARATE 


= 


MYRISTATE 


LAURATE 


Typicol gos chromatogram trace showing mass peots of fatty 
methy! esters. Supermmposed on the moss troce, the bor 
Groph indicates ro rodioactivity in any of the unsaturotes 


CHROMATOGRAPHY 


[Plackard) instrament Company, Inc. 


NATURE 


The Packard Model 830 Tri-Carb® Gas Fraction Collector 
enables quantitative collection of individual organic com- 
ponents in a gas chromatographic effluent stream. Precise 
measurement of radioactivity in component peaks can be 
made after collection 
An 8” diameter turntable holds up to 50 Tri-Carb Car- 
tridges, each packed with silicone-coated scintillation crys- 
tals. Vapors leaving the gas chromatography mass detector 
pass through the heated gas injection nozzle of the collector 
and condense on the coated surfaces of the scintillation 
crystals. As the operator observes the beginning and com- 
pletion of each peak on the mass detector trace, he actuates 
a control switch to change cartridges. Changing takes only 
a fraction of a second 

After sample collection, the cartridges are placed in posi- 
tioning adapters in an Automatic Tri-Carb Liquid Scintil- 
lation Spectrometer for completely automatic counting. No 
sample preparation is necessary and up to 100 samples can 
be handled at one time. 

Counting efficiency for carbon-14 in Tri-Carb Cartridges 
is over 50°. Backgrounds for these cartridges in the Tri- 
Carb Spectrometer are extremely low—less than 5 cpm. 
Consequently, even peaks with very low activity can be 
accurately measured in short counting periods 

The Packard Model 830 Tri Carb Collector is suitable 
for use with any gas chromatograph using a nondestructive 
mass detection system 

For literature, prices, and further information write: 


P.0.BOX 428-P LAGRANGE, ILLINOIS, U.S.A. 


ATLANTA © BOSTON LOS ANGELES NEW YORK PHILADELPHIA 
SAN FRANCISCO * WASHINGTON, ©O.C. ZURICH, SWITZERLAND 


PARIS. FRANCE 
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RELIABLE AND ECONOMIC 
§. 130 


13 cu. fe 
Refrigerator for 
storage of 
Delicate 
Cultures, 
Antibiotics 
Anti-Coagulants 
and Vaccine 


HF. 4 


4 cu. ft. Freezer 
for ice making, 
and storage of 

frozen foods 


Standard and “ Custom planned’ Environment Test Chambers 
using Hermetically Sealed Compressors and Cascade Refrigeration 
Controlled Temperature from plus 100° C. to minus 100° C. 


Air cooled 
Serving 


AIRCRAFT 
MISSILE 
NUCLEAR 
ELECTRONICS 
MEDICAL 
AUTOWN.OTIVE 
and other fields 


MAIL THIS COUPON TODAY! 
To: Lec Refrigeration Limited, BOGNOR REGIS, Sussex. 
Please send full details of your Low Temperature Cabinets 
and specialised Refrigerators. 


OPTIONAL EQUIPMENT 


Multipane window in door 
Temperature indicator controller 
Recording instrumentation (Remote) 
Access ports through any wall 
Altitude Chambers 

Air or liquid agitation 
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100-CHANNEL PULSE HEIGHT ANALYZER 


AICKSORTER 


Canada, Limited, from specifications prepared by Atomic Energy of Conoda, Limited 


88% TRANSISTORIZED 


B Printed Circuitry 
Low Maintenance —High Reliability 


Manufactured by Computing Devices of 


Low Power Consumption—120 Watts 


® No Ventilation or Cooling Problems 


VERSATILE DATA PRESENTATION 


B® Oscilloscope Display 


®@ Binary Manual count readout allows the count on any 
channel to be displayed in digital form. 


@ Magnetic Core Memory —65,535 counts can be stored 
per channel. 


@ Permanent Count Storage—sixteen magnetic cores for 
each of the 100 channels. 


Highly Versatile—coan be modified te accommedcte 
most applications which require additional features. 


The Chalk River “Kicksorter” is designed to spa: 
random pulses of various amplitudes and shapes 
sort them according to amplitude into 100 chan 
nels, and store a record of the counted pulses in a 
magnetic core memory. This computer, with its 
magnetic core memory and versatile data display 
system, makes it possible to observe the pulse 
amplitude spectrum as it accumulates or after it 
has accumulated. 

In addition to its wide use in gamma spectros- 
copy, the “kicksorter” has many applications in 
medical research, neutron time-of-flight studies, 
radioactive fallout studies, shielding studies, oil 
well and uranium logging, neutron activation 
analyses, measuring of radioactivity in humans, 
and other areas. 

The analyzer is designed so that information 
accumulated may be displayed or read out in var 
ious ways. Data may be observed on the oscillo- 
or information already accumulated in the 


scope, 

a ecima <oler, @ mn ontro nit, on on ectric rinfer os occess ' . 

plotted on a strip chart recorder, or printed out 


shown with the Kicksorter. Provision is also mode in the circuitry for the 


addition of a Pen Recorder for more occurate analog output in decimal form on an automatic printer. 


For additional information, wire or write to: 


Sales Representative for Great Britain 


“Condi NUCLEAR ENTERPRISES (G.B.) LTD. 


DIVISION OF THE BENDIX CORPORATION BANKHEAD MEDWAY, SIGHTHILL, 


205 East 42nd Street 
New York 17,N.¥., U.S.A EDINBURGH 1!, SCOTLAND 
Cable Address: Bendixint™’ 
SALES AND SERVICE AVAILABLE 


THROUGHOUT THE WORLD. 
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FLUORESCENCE SPECTROMETRY 


WITH THE 


RAYMAX GO 


X-RAY UNIT 


This equipment enables quick 
accurate analyses of specimens 
to be made without special pre- 
paration. X- ray spectrometry 
provides accurate determina- 
tions over a wide range of 
elements at percentages where 
the use of other methods 
would be tedious or inaccurate. 
Equally suitable for rapid 
routine determinations and 


specialized techniques. 


Resolution of neighbouring elements assured by accurate slit design. 
Voltage and current stabilizers plus monitor ensure 
reproducibility of results. 
Multi-speed spectrometer provides rapid scans as well as accurate 
line profiles. 
E x T R E Ll E R E L | A B ! L | T Yy Novel circuitry provides high counting rates with standard 

Geiger tubes. 

Continuously evacuated x-ray tube eliminates costly replacements 


Exc E LLE NT STA B ! LIT Y and maintains spectrally pure beam of high intensity 


Simple and robust, casily and accurately controlled 


MAXIMUM SPEED 


Rack mounted electronic chassis for simple and easy maintenance 


Please write for full details of the Raymax 60 with Spectrometer 
and Counting Gear for Fluorescence Analyses and other techniques. 


Associated Electrical Industries Ltd. 
Instrumentation Division—Scientific Apparatus & X-Ray Dept. 
132, LONG ACRE, LONDON, W.C.2 
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make high-temperature, high-purity re- 


uch materials as Thoria and Magnesia, 
innot be bettered by refractories madeanywhere 
n the world. Collectively these with other very 


stallised Alumina and Zirconia refractories 


MO 


ire Recry 


REFRACTORIES LIMITED NESTON .- 


WIRRAL 


-RECRYSTALLISED ALUMINA 99.7). Al 


are knownas Purox. Newly developed techniquesallow us 
to make these refractories in sizes, and with an intricacy 
of form, that would have been impossible even a year 
or two ago. So when a job demands a refractory that 
seems unobtainable you may find what you need at 


efractories Ltd 


1406 
NEMS A 


CHESHIRE - TELEPHONE: NESTON 
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“To build the 


best storage battery 


humanly possible’ 


JUNGNER 1899 


The modern Nife battery is the most highly 
developed form of Jungner’s original inven- 
tion. Evidence collected over the years prove- 


conclusively that it has the highest life/cost 


ratio. It requires very little attention and 
helds its charge for long periods. Heavy 
current discharge, overcharge or even acei- 


dental reverse charging do not damage the 


steel alkaline cells. Nife batteries are ideal 
for laboratory or research work, and fifteen, 
twenty or more years’ hard service is not 


exceptional, H rite for publication 954 


Fit for a long life WEE 


STEEL ALKALINE BATTERIES 


NIFE BATTERIES REODITCH WORCESTERSHIRE 
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Skate on the thinnest ice: step on the conductor rail: cross 
Piccadilly Circus from N orthwest to Southeast : but remember that 
ASSOCIATED LEAD are the most reliable and economical suppliers 
of LEAD, TIN, ANTIMONY AND THEIR ALLOYS; 99.999% PURE LEAD, 
TIN AND ANTIMONY; SOLDERS, INCLUDING SOLID AND GORED 

SOLDER WIRE; ANTIFRICTION MATERIALS; ANTIMONIAL LEAD; CABLE 
ALLOYS; LEAD SHEET AND PIPE; DENSE LEAD SHIELDING FOR NUC- 
LEAR WORK. The dangers involved in forgetting this simple fact 
are too numerous to name: but, to put it shortly, it 1s a matter 
of profit and loss. 


This announcement is issued for and on behalf of 


ASSOCIATED LEAD MANUFACTURERS LIMITED 
ENTS HOUSE, 14 GRESHA REET, LONDON, E.C.2, CRESCENT HOUSE, NEWCASTLE, LEAD WORKS LANE, CHESTER ~~) 
to: 4 ed ‘Co. ¢ nis 14 Gresham Street. London, E.C.2 
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a passage to Holland... 


SP 100 


January 26, 1961 


or it could well have been 
Basle, Capetown, Manchester, 
Melbourne, Uppsala or Trail 
In Universities and Industrial 
Research Laboratories the 
world over the SP100 Infrared 
Vacuum Spectrophotometer 
is providing a combination of 
high resolution extreme quan- 
titative accuracy, speed and 
reliability otherwise unobtain- 
able in one instrument. 
Write for the comprehensive 
brochure giving full details of 
this remarkable, versatile and 


powerful spectroscopic tool. 


Infrared Spectrophotometer 


ts the complete answer to the most exacting demands of present day analysis 


UNICAM INSTRUMENTS LIMITED . ARBURY WORKS . CAMBRIDGE . ENGLAND 


(U.201) 
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microbiological reagents 
and media 


THE ONLY COMPLETE LINE OFFERED IN U.K. 


Requirements of the Bacteriologist, Bio- 
chemist, Biologist, Pathologist and Pharma- 
cologist can be met very quickly either from 
our extensive stecks, or in the case of certain 
specialised products, within a few days. 


Please send for the latest technical information. 


Culture Media Peptones 


Hydrolysates 


Microbiological 
Assay Media Amino Acids 


Tissue Culture Media Enzymes 


Serol gical Reagents Enrichments 


Antisera Dyes 
complete 


laboratory 
service 


Diagnostic Reagents Indicators 


Sensitivity Disks Carbohydrates 


Unidisks Biochemicals 


BAIRD & TATLOCK LONDON) LIMITED, CHADWELL HEATH, ESSEX, ENGLAND. 


Branches in London, Manchester and Glasgoty. 


TAS/DO.1 


Ultra-Violet « Infra-Red Sampling Instruments 


INFRA-RED ABSORPTION CELLS 
VARIABLE path-length cells for liquids 
FIXED path-length demountable and 
sealed cells for liquids 

MICROCELLS for liquids 

GAS cells in pyrex and metal 


ULTRA-VIOLET ABSORPTION CELLS 
VARIABLE path-length cells for liquids 
FLXED path-length cells for liquids 


KBR EVACUABLE DIE 
for making 13, 15 and 16 mm. Discs 


HYDRAULIC 30-TON PRESS 
especially designed for KBr Disc 
Technique 


Rotating Electrode (Solution 
Excitation) Spark Unit 


HIGH-SPEED VIBRATION MILL 


indispensable for KBr 

Disc Technique 

available for 230 volt 50-cvcle 
and 110-volt 60-cycle mains 


ROCK-SALT POLISHING KIT 


RIIC Sampling Instruments are marketed by the leading spectrometer 


manufacturers of the world. 


Descriptive literature on application. 


RESEARCH & INDUSTRIAL INSTRUMENTS CO 


116 Lordship Lane. London, S.E.22 


Telephone: Forest Hill 2281/2 
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EMPLOYMENT OF 


Wipe report of an inquiry conducted by the Social 
Survey of the Central Office of Information into 
the employment of qualified women scientists and 
engineers in private manufacturing industry shows 
clearly that, in general, industry in Britain is a man 
dominated world and is likely to remain so for many 
vears to come* 

The sample of establishments covered by the survey 
was weighted in favour of industries which employ 
a high proportion of qualified scientists and engineers, 
and was drawn from establishments with two hundred 
workers or more which in 1956 were known to employ 
scientists and engineers. The number of establish 
ments which took part in the survey was 785, employ 
ing between them 16,350 qualified scientists and 
engineers, that is, about 25 per cent of all those 
engaged in manufacturing industry. 

Of the co-operating establishments, only about 98 
(13 per cent) emploved women scientists and engineers 
at the time of the survey. A further 85 (11 per cent) 
establishments had employed women scientists and 
engineers in the past but did not do so at the time 
of the inquiry. The 785 co-operating establishments 
employed between them 15,972 male and 378 female 
qualified scientists and engineers ; that is, 42 qualified 
men for every qualified woman. Only eight of the 
378 women were engineers. On the assumption that 
the ratio of scientists to engineers in the sample was 
the same as in manufacturing industry as a whole, the 
ratio of male to female scientists was fifteen to one, 
and of male to female engineers more than a thousand 
to one. 

An interesting feature of the inquiry was the views 
put forward by managers indicating their reasons for 
being enthusiastic about the employment ot 
qualified and engineers. Three 
main disadvantages repeatedly mentioned, 
namely, that women were too likely to leave because 
of domestic commitments, including marriage ; that 
there were difficulties about having them in authority 
over, or working with, male personnel; and that 
rough, dirty and physically hard working conditions 
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women 


were unsuitable for women. 
Despite all the pleadings put forward by women’s 
these are to support 
held by 
The training of scientific and technical 


organizations, cogent poimts 


views strongly cost-conscious industrial 
managements. 
personnel for responsible positions is an expensive 
process, and the facilities are much more readily given 
to those who are likely to stay with firms than thos: 
who are likely to go. 

Qualified women are unlikely to become aeceptabk 
in industry until the shortage of technical personne! 
has become so acute that employers are prepared to 
accept them although fully aware of the fact that they 
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are much more likely to have left within a fow years 
than members of the opposite sex. Not all the views 
expressed by management, however, can be sub- 
stantiated. Far too much is made of the case that 


male staffs object to having women in authority 


over them. In the Social Survey inquiry, for example, 
there was considerable difference between the views 
of those managements which had employed women 
scientists and those which had never employod them. 
Where there was experience of employing women 
scientists, it was much more often held that the male 
staff were in favour of their employment or had no 
objection to it. 

Not unexpectedly, there is far greater objection 
to the employment of women engineers than women 
scientists. The eonditions under which professional 
engineers often have to work, for example, dealing 
with heavy and dirty machinery, plant and site work, 
and shift work, are regarded as unsuitable for women 
while the labour in 
organizations would be possible 


engineering 
the 
is significant that 


control of male 


only for most 
exceptional women engincers. It 
very few employers in the survey had had any actual 
experience of employing women engineers. 

In many ways the second part of the survey is 
likely to be of greater use in enabling educated women 
to find a suitable niche in industry. It was con- 
cerned with the actual experience of women who had 
taken university degrees in science or engineering in 
recent years. The sample taken was one in two of 
all women scientists who had graduated in 1954 
and 1956. These vears were chosen because women 
who graduated in 1954 still be traced 
and would have had at Iéast four years in which to 
gain experience of employment in industry and 
Those who had graduated in 1956 would 
little 
was felt 


could 


elsewhere. 
had only a 
employment: but. it 
find out whether the situation had changed in recent 


more than two years 


have 
to be worth while to 


vears. 

Of the 708 women im the sample, 381 were un 
married, 214 were married without children and 133 
were married with children. The number working 
full-time was 513 (73 per cent), of whom all but 7 
were single or married without children. Thirty-five 
were working part-time and 160 (224 per cent) wer 
not in paid employment. All except 31 (4 per cent) 
had had a paid job since graduation. Of the singh 
women in the sample, 92 per cent were working full 
time, and, of the married women without children, 
73 per cent were working full-time. 

Of the graduates who were still working full-timn 
513), about half of them 
had teaching. Tho 
next largest. proportions were engaged in research and 
development, and testing, analysis and product con- 
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trol, which bears out the finding in the employers’ 
survey that these were the jobs in industry in which 
women scientists were most often engaged. 74 per 
cent of the graduates were employed in professional 
services, only 19 per cent in the industries included 
in the employers’ survey, and 7 per cent were in other 
businesses. The professional services include educa- 
tion, medical and hospital services, and trade and 
professional associations ; other businesses include 
gas, electricity and water, transport, national and 
local government, insurance, banking and finance. 
and catering 

In general, graduates working in private manufac 
turing industry were earning more than those in the 
Thus, 


of the graduates in private industry, 39 per cent were 


professional services and in other businesses. 


earning £800 or more per annum compared with 
“3 per cent in the professional services, and 30 per 


cent in other businesses. Because of the high propor- 


tion of graduates employed in teaching, the level of 


salaries shown as paid in the professional services 
tnust have been greatly influenced by the lower salaries 
m the teaching profession. 

Women science graduates were asked whether their 
jobs offered prospects of promotion and whether, in 
their view, male colleagues were given preferential 
treatment. Of those employed in manufacturing 
industry more than half (52 per cent) thought that 
there was no prospect of promotion, and rather less 
than half (42 per cent) believed that there was. In 
the professional services, which included teaching. 
the ‘other 
proportion of 


these proportions were reversed. In 


businesses’ category a much higher 
wornen (69 per cent) thought that there were prospects 
of a better job. 

More than half the women scientists employed in 
private manufacturing industries thought that their 
employers showed bias in favour of men as regards 
pay and promotion, but only 16 per cent in the 
professional services thought so. There were many 
in the latter group, however, to whom the question 
did not apply because all their colleagues, for example, 
in girls’ schools, were women. 

From both parts of the survey one conclusion is 
mescapable. 


Employers are reluctant to employ 


educated women scientists and engineers mainly 


because, On economic grounds, they are a bad risk ; 


the present preponderance of eligible males over 


females in the population means that less and Jess 
Changing social 


behaviour has also led to a marked reduction in the 


females are avoiding marriage. 


age at which marriage is contracted : and, although 
the majority of newly married women are staying 
at work for some time after marriage, the age at 


which they bear their first child is also being reduced. 
From the employer's point of view, their years of 
beginning full-time 


All 


protestations by women’s organizations will mot make 


useful service before duties in 


their homes is very limited. the well-meaning 


young women scientists and engineers anything 
but a bad industrial investment compared with their 
inale count rparts Most educated women know 


this and accept it 
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Although this view may not be openly expressed 
by employers, or may be hidden by plausible excuses 
about women’s inability to control male staffs 
or put up with bad working conditions, its force is so 
strong that there are to-day for 
women scientists in industry than there are women 
In spite of the greater financial 
attractions of industry, qualified turn to 
careers where they feel wanted, there are 


greater opportunities for positions of responsibility 


more vacancies 
available to fill them. 
women 


where 


and promotion, and, above all, where they are likely 
to be acceptable again in their early forties when their 
child-bearing and home-making functions may have 
finished. For this reason, and because of the difficulty 
of keeping up to date im science and technologies 
which demand continuous reading, discussion and 
practice, women are still looking for careers in teach 
ing, medicine, catering, personnel management and 
those branches of the professional and social services 
where the 15-20 years spent in raising a family may 
prove not a handicap but an asset. It is to be hoped 
that, on their return to employment, responsible 


authorities will recognize the added maturity and 


experience which marriage has brought and. 
after an appropriate settling-down period, see 
that they are not debarred from opportunities of 


promotion. 


PAUL EHRLICH’S COLLECTED 
PAPERS 


The Collected Papers of Paul Ehrlich 

Compiled and edited by Dr. F. Himmelweit, with the 
assistance of the late Martha Marquardt. Under the 
editorial direction of Sir Henry Dale. Vol. 2: Im 


munology and Cancer Research. Pp. viii+562 +49 


plates. Vol. 3: Chemotherapy. Pp. viii+615 +6 
plates. (London and New York: Pergamon Press, 
1960.) 1608. net each. 


ITH these two volumes practically all the pub 

lications of Ehrlich alone or jointly are con 
cluded. Volume 2 contains research on immunity. This 
work really started with the immunization of animals 
against plant toxins (ricin, ete.) and showed that, in 
analogy with Behring and Kitasato’s diphtheria anti 
toxin, a specific antiricin appeared in the blood serum. 
Further, the important discovery was made that its 
well as « 


action could be demonstrated in vitro as 


vivo. Experience so gained was then applied to the 
practical problem of assessing quantitatively the ant) 
toxin content of antidiphtheria sera. Besides finding 
a solution, Ehrlich also formulated the famous side- 
chain or receptor theory to explain the mechanism of 
formation in This embodied a 
conception already presented in his “‘Sauerstoft 
Bedurfniss”’. The work entitled “Die Wert 
bemessung des Diphthericheilserums” (a translation 
is supplied). Further studies on immunity, especially 
with Bordet’s hamolysins, led to a series of papers, 
which were “Gesammelte 
Arbeiten zur Immuaititsforschung”’. In the preface 
Ehrlich states that the volume shows how his theory 
summary of an 


antibody veneral 


was 


re-issued tovether as 


of immunity is “‘essentially the 
extraordinarily large number of exact investigations’. 


However, nearly two-thirds of the papers does not beat 
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Khrlich’s name and so is omitted here, as is the case 
in other sections. This must be understood, 
otherwise readers might infer that The Collected 
Papers contains all the work of the school inspired 
and directed by Ehrlich. Doubtless the matter 
exercised the editors; further inclusions certainly 
would have weighted the enterprise heavily. Of 
course, he usually quoted his co-workers’ results, 
since they contributed to support Ehrlich’s theories, 
But occasion 


also 


which were indeed “all his very own’. 
ally some finding was documented which had no 
significance in this context, although afterwards found 
to be important in quite another connexion. The 
side-chain theory, in so far as it identifies antibody 
formation with normal processes of cellular meta 
bolism, has not But various 
features have required revision, for example, the 
amboceptor hypothesis, Also, the production of auto 
antibodies and their pathogenic effects are now 
recognized as occurring widely, while factors which 
(immune tolerance) or 


been superseded. 


may antagonize antigenicity 
influence allergy are gaining prominence. The expert 
mental work on cancer by Ehrlich and Apolant, also 
n Volume 2 (but only a part of the Institute's pub 
lications in this field). was invaluable in establishing 
But Ehrlich’s nutritional theory 
for certam phenomena ot 


this line of research 
of athrepsy to account 
tumour-growth has not vet produced striking de- 
Ve lopments. 

Volume 3 comprises the chemotherapy ot infections. 
The original essay (1891) was the successful treat- 
nent with methylene blue of two cases of indigenous 
quartan malaria, this dye being suggested apparently 
by its strong affinity for the malarial amoeba. But 
thirteen years passed before systematic investigation 
on chemotherapy in experimental trypanosomiasis 
began—that with Shiga, on trypan-red. In 1906 both 
biological and chemical work on chemotherapy was 
provided for in the new Georg Spever—Haus.  Ehr 
lich’s inaugural address, here published for the first 
‘ime, related the origin of his in chemo- 
therapy and long-cherished wish to devote himself to 
it, at last fulfilled. The first paper from the Speyer 
Haus (1907) describes most of the phenomena of 
chemotherapeutic biology, which have sinee been 
encountered the drugs, 
investigated. 


interest 


various 
One 


widely with 
parasites and 
English version of those two classics. Incidentally, 
in interesting light can be thrown on Ehrlich’s 
attitude to matters of publication by a fact which 
not within the The Collected 
Papers, namely, that chemotherapeutic interference, 
discovered at the Spever-Haus and demonstrated to 
him in 1907, was never published in his lifetime 
Browning, Ann. N.Y. Acad. Nei., 59, 204; 1954 

More than one-third of the volume is occupied by the 
salvarsan drugs. Ehrlich’s principle, “corpora non 
agunt nisi fixata’, which pervaded his outlook on 
mmunity, also inspired his views on chemotherapy 


very 


hosts misses an 


loes come range of 


lrugs which act on pathogenic organisms must com 
bine with the latter through chemoceptors, which, 
however, have not yet been defined chemically. An 
addendum tributes on the deaths of 
Khrlich’s intimate scientifie associates, Weigert (his 
cousin), Albrecht, Koch, Bertheim and Apolant. 

At last Ehrlich’s theories and descriptions of his 
vork in his own telling language are all easily access- 
ible, with versions of a proportion of them also in 
English. Sir Henry Dale has introduced each volume 
with his brief and lucid surveys and perspectives. 


consists of 
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Many glosses also testify that the editors have per- 
formed their heavy self-imposed duty with high 
seriousness. They have aimed to ensure that Ehrlich’s 
enormous versatility and range of understanding alike 
in biology and chemistry, the numerous departments 
of knowledge which he either created or immensely 
enriched and the genius immanent in his contributions 
both to science and practice, shall be conspicuous. 

C. H. Brownine 


CALORIFIC VALUE OF GASEOUS 
FUELS 


Gas Calorimetry 

The Determination of the Calorific Value of Gaseous 
Fuels. By C. G. Hyde and M. W. Jones. Second edition, 
Pp. vii + 456. (London : 
1058. net. 


entirely revised and reset. 
Ernest Benn, Ltd., 1960.) 
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FEHE subject of gas calorimetry is of great 
| tance to the gas industry, both for the 
assessment of its thermal efficiency and to 
it to comply with its statutory obligations. 
1932 the standard work on the subject has been 
“Hyde and Mills”, and in view of developments 
within the past twenty-five years the appearance of 
a second edition, in which Mills’s part is taken by 
M. W. Jones, is to be welcomed. 

While the original plan of the work has been 
retained, the book has been largely re-written 
Major Hyde was until recently controller of gas 
standards, and Mr. Jones is principal gas examiner 
under the Ministry of Power, so that the authors 
are well qualified to deal with their subject, and 
(as Calorimetry, 1960, may be taken as a full, modern 
and authoritative exposition. 

It is useful to find the fundamental theory of calor 
metry and thermometry combined with its application 
to specific instruments im a book which, being thus 
broadly based, has educational as well as practical 
value. 

The new edition welcomes fluorescent lighting for 
test rooms, and describes a mobile unit of value in a 
scattered area of supply. It the Hyde 
meter prover, and might perhaps have omitted th: 
older and largely obsolete Harcourt prover. Th 
Mark Il Fairweather recorder is well described. 
though it is difficult for publication to keep up with 
development in this sphere. It is particularly useful 
to have a clear description of the Reineke calorimeter 
which is of increasing interest now that liaison between 
the gas and oil industries is becoming so close. Th: 
very useful set of tables in the appendix has been 
extended, and the placing of references at the en«| 
of their appropriate chapters is an advantage. 

There is a brief consideration of the combustion 
characteristics of gas, but in view of the growing 
importance of this subject a fuller treatment would 
have been of interest, and some description of modern 
methods for the recording of the Wobbe 
index would have been valuable 

There is still a good deal of descriptive matter 
about obsolete or obsolescent instruments, even when 
one allows for the valuable principles sometimes 
involved. Surely no one to-day uses—if indeed 
they ever successfully used—a Lupton water heater 
Moreover, the devotion of forty-one pages to the 
Boys recording calorimeter, ingenious as It Was and 
inventor, rather 
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trol, which bears out the finding in the employers’ 
survey that these were the jobs in industry in which 
74 per 
cent of the graduates were employed in professional 
services, only 19 per cent in the industries included 
in the employers’ survey, and 7 per cent were in other 


women scientists were most often engaged. 


businesses. The professional services include educa- 
tion, medical and hospital services, and trade and 
professional associations; other businesses include 
gas, electricity and water, transport, national and 
local government, insurance, banking and finance, 
and catering 

In general, graduates working in private manufac 
turing industry were earning more than those in the 
Thus, 


of the graduates in private industry, 39 per cent were 


professional services and in other businesses. 


earning £800 or more per annum compared with 
23 per cent in the professional services, and 30 per 


cent in other businesses. Because of the high propor- 


tion of graduates employed in teaching, the level of 


salaries shown as paid in the professional services 
must have been greatly influenced by the lower salaries 
m the teaching profession. 

Women science graduates were asked whether their 
jobs offered prospects of promotion and whether, in 
their view, male colleagues were given preferential 
treatment. Of those employed in manufacturing 
industry more than half (52 per cent) thought that 
there was no prospect of promotion, and rather less 
than half (42 per cent) believed that there was. In 
the professional services, which included teaching, 
the 
proportion of 


these proportions were reversed. In ‘other 


businesses’ category a much higher 


women (69 per cent) thought that there were prospects 
of a better job. ; 

More than half the women scientists employed in 
private manufacturing industries thought that their 
employers showed bias in favour of men as regards 
the 
There were many 


pay and promotion, but only 16 per cent in 


professional services thought so. 
in the latter group, however, to whom the question 
did not apply because all their colleagues, for example, 
in girls’ schools, were women. 


From both parts of the survey one conclusion is 


mescapable. Employers are reluctant to employ 


educated women scientists and engineers mainly 


because, on economic grounds, they are a bad risk ; 


the present preponderance of eligible males over 


females in the population means that less and less 


females are avoiding marriage. Changing social 


behaviour has also ied to a marked reduction in the 
age at which marriage is contracted ; and, although 


the 


at work 


majority of newly married women are staying 


for some time after marriage, the age at 


which they bear their first child is also being reduced. 
From the employer's pomt of view, their years of 
beginning full-time 


All the 


protestations by women’s organizations will not make 


useful service before duties in 


their homes is very limited. well-meaning 


young women scientists and engineers anything 


but a bad industrial investment compared with their 


inale counterparts Most educated women know 


this and accept it 
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Although this view may not be openly expressed 
by employers, or may be hidden by plausible excuses 
about inability to staffs 
or put up with bad working conditions, its force is so 
strong that 
women scientists in industry than there are women 
In spite of the greater financial 
women turn to 
there 


women’s control male 


there are to-day more vacancies for 
available to fill them. 
attractions of industry, qualified 
feel 


greater opportunities for positions of responsibility 


careers where they wanted, where are 


and promotion, and, above all, where they are likely 


to be acceptable again in their early forties when their 
child-bearing and home-making functions may have 
finished. For this reason, and because of the difficulty 
of keeping up to date in science and technologies 
which demand continuous reading, discussion and 
practice, women are still looking for careers in teach- 
ing, medicine, catering, personne! management and 
those branches of the professional and social services 
where the 15-20 years spent in raising a family may 
prove not a handicap but an asset. It is to be hoped 
that, on their return to employment, responsible 
authorities will recognize the added maturity and 
which has brought and. 


experience Tharriage 


after an settling-down 
that they 
promotion. 


appropriate period, see 


are not debarred from opportunities of 


PAUL EHRLICH’S COLLECTED 
PAPERS 


The Collected Papers of Paul Ehrlich 

Compiled and edited by Dr. F. Himmelweit, with the 
assistance of the late Martha Marquardt. Under the 
editorial direction of Sir Henry Dale. Vol. 2: Im 
munology and Cancer Research. vii+562 +9 
Vol. 3: Chemotherapy. 


vii+615 +6 
(London and New York: Pergamon Press, 
160s. net each. 


plates 
plates. 
1960.) 


ITH these two volumes practically all the pub 
lications of Ehrlich alone or jointly are con 
cluded. Volume 2 contains research on immunity. This 
work really started with the immunization of animals 
against plant toxins (ricin, ete.) and showed that, in 
analogy with Behring and Kitasato’s diphtheria anti 
toxin, a specific antiricin appeared in the blood serum. 
Further, the important discovery was made that its 
action could be demonstrated in vitro as well as ++ 
vivo. Experience so gained was then applied to the 
practical problem of assessing quantitatively the ant 
toxin content of antidiphtheria sera. Be sides finding 
a solution, Ehrlich also formulated the famous side- 
chain or receptor theory to explain the mechanisin of 
This embodied a 
his “Sauerstoft 
“Die Wert 
translation 


formation in general 
conception already presented in 
Bedurfniss’*. The work entitled 
bemessung des Diphthericheilserums” (a 
is supplied). Further studies on immunity, especially 
with Bordet’s ha molysins, led to a series of papers, 
which were tovether as “Gesammelte 
Arbeiten zur Immunititsforschung”. In the preface 
Ehrlich states that the volume shows how his theory 
of immunity is “essentially the summary of an 
extraordinarily large number of exact investigations”. 
However, nearly two-thirds of the papers does not bear 


antibody 


was 


re-issued 


ere 
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Khrlich’s name and so is omitted here, as is the case 
in other sections. This must be understood, 
otherwise readers might infer that The Collected 
Papers contains all the work of the school inspired 
and directed by Ehrlich. Doubtless the matter 
exercised the editors; further inclusions certainly 


also 


would have weighted the enterprise heavily. Of 


course, he usually quoted his co-workers’ results, 
since they contributed to support Ehrlich’s theories, 
which were indeed “all his very own’. But occasion 
ally some finding was documented which had no 
significance in this context, although afterwards found 
to be important in quite another connexion. The 
side-chain theory, in so far as it identifies antibody 


formation with normal processes of cellular meta 
bolism, has not been superseded. But various 
features have required revision, for example, the 


amboceptor hypothesis. Also, the production of auto 
and their now 
recoynized as occurring widely, while factors which 
(immune tolerance) o7 


antibodies pathogenic effects are 


antagonize antigenicity 
influence allergy are gaining prominence. The experi 
mental work on cancer by Ehrlich and Apolant, also 


in Volume 2 (but only a part of the Institute’s pub 
lications in this field), was invaluable in establishing 
But Ehrlich’s nutritional theory 
for certain phenomena of 
vet produced striking de- 


this line of research. 
of athrepsy to aceount 
tumour-growth has not 
Ve lopments. 

Volume 3 comprises the chemotherapy of infections. 
The original essay (1891) was the successful treat- 
ment with methylene blue of two cases of indigenous 
quartan malaria, this dye being suggested apparently 
by its strong affinity for the malarial ameba. But 
thirteen years passed before systematic investigation 
on chemotherapy in experimental trypanosomiasis 
began—that with Shiga, on trypan-red. In 1906 both 
biological and chemical work on chemotherapy was 
provided for in the new Georg Spever—Haus. Ehr 
lich’s inaugural address, here published for the first 
related the of his interest in chemo- 
therapy and long- cherished wish to devote himself to 
it, at last fulfilled. The first paper from the Spever 
Haus (1907) describes most of the phenomena of 
have 


‘ime, origin 


chemotherapeutic biology, which since been 


very widely encountered with the various drugs, 
parasites and hosts investigated. One misses an 
English version of those two classies. Incidentally, 
in interesting lght can be thrown on Ehrlich’s 
attitude to matters of publication by a fact which 
does not come within the range of The Collected 


Papers, namely, that chemotherapeutic interference, 
discovered at the Spever-Haus and demonstrated to 
him in 1907, was never published in his lifetime 
Browning, Ann. N.Y. Acad. 59, 204; 1954) 
More than one-third of the volume is occupied by the 
Ehrlich’s principle, “corpora non 
which pervaded his outlook on 


salvarsan drugs. 
wwunt nisi fixata’’, 
mumunity, also inspired his views on chemotherapy 
jrugs which act on pathogenic organisms must com 
bine with the latter through chemoceptors, which, 
however, have not vet been defined chemically. An 
addendum on the deaths of 
Ichrlich’s intimate scientifie associates, Weigert (his 
cousin), Albrecht, Koch, Bertheim and Apolant. 

At last Ehrlich’s theories and descriptions of his 
vork in his own telling language are all easily access- 
ible, with versions of a proportion of them also in 
English. Sir Henry Dale has introduced each volume 
with his brief and lucid surveys and perspectives 


consists of tributes 
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Many glosses also testify that the editors have per 
formed their heavy self-imposed duty with high 
seriousness. They have aimed to ensure that Ehrlich’s 
enormous versatility and range of understanding alike 
in biology and chemistry, the numerous departments 
of knowledge which he either created or immensely 
enriched and the genius immanent in his contributions 
both to science and practice, shall be conspicuous. 

H. Brownina 


CALORIFIC VALUE OF GASEOUS 
FUELS 


Gas Calorimetry 

The Determination of the Caloritic Value of Gaseous 
Fuels. By C. G. Hyde and M. W. Jones. Second edition, 
entirely revised and reset. Pp. vii + 456. (London 
Ernest Benn, Ltd., 1960.) 105s. net. 


PUHE subject of gas calorimetry is of great impor 

| tance to the gas industry, both for the proper 
to enable 
Since 


assessment of its thermal efficiency and 
it to comply with obligations. 
1932 the standard work on the subject has been 
“Hyde and Mills”, and in view of developments 
within the past twenty-five years the appearance of 
a second edition, in which Mills’s part is taken by 
M. W. Jones, is to be welcomed. 

While the original plan of the work has been 
retained, the book has been largely re-written 
Major Hyde was until recently controller of gas 
standards, and Mr. Jones is principal gas examiner 
under the Ministry of Power, so that the authors 
are well qualified to deal with their subject, and 
Gas Calorimetry, 1960, may be taken as a full, modern 


its Statutory 


and authoritative exposition. 

It is useful to find the fundamental theory of calor: 
metry and thermometry combined with its application 
to specific instruments in a book which, being thus 
broadly based, has educational as well as practical 
value 

The new edition welcomes fluorescent lighting for 
test rooms, and describes a mobile unit of value in a 
scattered area of supply. It the Hyde 
meter prover, and might perhaps have omitted th: 
older and largely obsolete Harcourt prover. The 
Mark II Fairweather well described, 
though it is difficult for publication to keep up with 
development in this sphere. It is particularly useful 
to have a clear description of the Reineke calorimeter 
which is of increasing interest now that liaison between 
the gas and oil industries is becoming so close. The 
very useful set of tables in the appendix has been 
extended, and the placing of references at the end 
of their appropriate chapters is an advantage. 

There is a brief consideration of the combustion 
characteristics of gas, but in view of the growing 
importance of this subject a fuller treatment would 
have been of interest, and some description of modern 
methods for the direct recording of the Wobbe 
index would have been valuable 

There is still a good deal of deseriptive matter 
about obsolete or obsolescent instruments, even when 
one allows for the valuable principles sometimes 
involved. Surely no one to-day indeed 
they ever successfully used—a Lupton water heater 
Moreover, the devotion of forty-one pages to the 
Boys recording calorimeter, ingenious as it was and 
inventor, seems rather 
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distinguished as was its 
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excessive. Flame indicators, too, cannot be advanced 
seriously in 1960 as other than highly misleading 
instruments. One might also make a plea for the 
substitution of a more descriptive name than the 
time-honoured ‘“Tabular Numbers” for gas volume 
reduction factors. After all, most mumbers come 
from tables. 

These are, however, minor criticisms. ‘The format 
of the book is clear and convenient, and, with the 
exception of one or two poorly reproduced photo 
graphs and an illegible table on p. 74, the printing 
is excellent. “Hyde and Jones” is altogether a 
worthy successor to ““Hyde and Mills” and will long 
form the indispensable vade-mecum of all who, 
whether from the official or works-control angle, are 
concerned with the measurement of the calorific value 
of gaseous fuels. Physicists unconnected with the 


yas industry will also find in it much of value, and if 


they are surprised to find that an apparently simple 
operation is fraught with so many pitfalls they will 
also find the solution to many of their gas calorimetric 
problems within its pages. R. J. H. Banks 


QUANTITATIVE MORPHOLOGY 


Quantitative Zoo!ogy 

By George Gaylord Simpson, Anne Roe and Richard 
C. Lewontin. Revised edition. Pp. vii +440. (New 
York: Harcourt, Brace and Company, 1960.) n.p. 


se first edition of this work was published 
twenty-one years ago at a time when zoologists, 
particularly those interested in morphology and 
systematics, rarely employed statistical methods. 
In the meantime, interest has tended to shift in many 
subjects from the individual to the population, with 
the consequence that the use of statistical methods 
is much more necessary. The original authors have 
been joined by Dr. R. C. Lewontin in producing a 
revised version which, while having the same general 
plan, is more lucid and has had some mistakes removed. 
\ chapter on the analysis of variance has been added, 
and the methods given usually assume that a calculat- 
ing machine is available. The text is essentially a 
detailed explanation of those elementary statistical 
methods which are likely to be useful to zoologists 
in general and taxonomists in particular. Many 
examples, mostly drawn from the vertebrates, are 
fully worked out so that no other statistical source 
would be required. The least mathematical of 
zoologists should be able to follow the arguments 
and thereafter apply the methods to his own work. 
The biological significance of parameters or tests of 
significance is indicated wherever it is known. The 
last two chapters deal with graphic methods and with 
the problems of growth, respectively. 

Che authors admit that there are now many more 
good books on biometry, statistics, and general 
quantitative methods than when this work was first 
published. The most cogent argument for a new 
edition was that the book was still in demand though 
out of print. It is also true that many statistical 
works, so far as they touch on biology, are biased in the 
direetion of agriculture. It seems debatable, however, 
whether, in view of the large number of statistical 
texts available, it might have been possible to reduce 
this side of the work and to expand it in other direc 
tions. The subject of sampling in the actual circum- 
stances of Nature is rarely adequately discussed, and 
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yet it raises many difficulties, though perhaps more tor 
the ecologist. ‘The paragraph on the capture 

recapture method is perhaps too short to be useful m 
view of the real difficulties in interpretation and the 
many possible modifications of the simplest theory. 
Possibly the negative binomial distribution might be 
worth discussing; at least the bibliography might 
include more references to works in which additional 
or more refined methods are described. 

The great merit of the work as it stands is its 
lucidity, which in this particular subject is a trans 
cendent advantage. Nearly all taxonomists will 
find something useful to them in one chapter or 
another and very little that they cannot understand 

O. W. Rrenarns 


SULPHATED POLYSACCHARIDES 


Polysaccharides in Biology 

Transactions of the Fourth Conference, May 
and 23, 1958. Edited by CG. F. Springer. Pp. 326. 
(New York: Josiah Macy, Jr. Foundation, 1959.) 
5.95 dollars. 

FP VHIS is the report of a conference held at Prince 

l ton, New Jersey, in May 1958 on the sulphated 
polysaccharides. There are seven chapters, each 
associated with a main speaker whose account is 
followed by a discussion and further contributions. 
The chapter headings are: chondroitin sulphates 
(K. Meyer), biology of chondroitin sulphates (R. H. 
Follis), heparin and related substances (M. L. Wolf- 
rom), the mast cell (R. D. Higginbotham), bio- 
synthesis of sulphated polysaccharides (H. Bostrém), 
synthetic non-biological sulphated polysaccharides 
(M. J. Shear) and sulphated polysaccharides of 
plants (L. Stoloff). 

The style of the book is provocative, and there 
will not be many neutral opinions about it. As in 
other Macy ‘multiprofessional conferences’, the 
proceedings are reported verbatim, with a few 
afterthoughts interpolated into the text. To this 
reviewer the presentation, reading like a playscript. 
has many merits, but a few ‘stage directions’ in the 
way of sub-headings would be helpful. There are 
no sub-headings within the chapters, and, since 
these are up to 60 pages long, the index assumes a 
vital function, but even though this is 20 pages long, 
in the circumstances it is barely adequate. Moreover, 
the lack of subdivision makes it difficult to discover 
when the main speaker has finished, and the contents 
page gives no inkling that a second speaker may also 
have presented a lengthy description of his own 
work. In the chapter associated with Meyer's name. 
the main speaker in terms of continuous matter is 
in fact Jeanloz. A further general disadvantage 
is that this is a conference of experts, and definitions 
which would be out of place in the conference room 
are necessary to the less-specialized reader. <A 
glossary would be helpful. 

An advantage that could be legitimately expected 
of this type of presentation is that it should be 
available for printing as soon as tho tape-recorder 
has yielded its secrets to the typewriter. It is 
surprising to learn from the publishers that 20 
months elapsed between the conference and the book 
becoming available in January 1960. Much that 
was new at the conference has since been published 
elsewhere. Nevertheless, the authoritative nature 
of the papers and the importance of the subject 
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will ensure for the book a wide sale and circulation, 
and the Macy Foundation congratulated 
on its timely choice of the subject. The 
well produced, attractively priced and contains very 
few errors, W. J. 


is to be 


book Is 


POLYPEPTIDES ACTING ON 
SMOOTH MUSCLES 


Polypeptides which affect Smooth Muscles and 
Blood Vessels 

Proceedings of a Svmposium held in London on 23rd 

and 24th March. 1959 Edited by M. Schachter. 

(Biological Couneil’s Committee for 

Symposia on Drug Action Series, Vol. 4.) Pp. xv 

336 and New York Press, 


Co-ordinat ing 
(London Pergamon 
DOs. met 


PyRHE Co-ordinating Committee for Symposia on 
| Drug Action, under the chairmanship of Sir 
Charles Harington, has sponsored discussions at the 
Welleome Building in London in the spring 
1955. The subjects of these symposia 
histamine, hypotensive drugs, 5-hydroxytryptamine, 
and quantitative methods in human pharmacology. 
The present book deals with the fifth of these 
sVinposia, and how much this subject has 
developed since 1953 when fifteen authors contributed 
to a meeting in Montreal and afterwards published 
the which 
Edin 


since 


have been 


shows 


contributions in a book (Pol ppeptides 
Plain Muscle. Ed. J. H. Gaddum. 
Livingstone, 1955). 

structures of 


ulate 
burgh : 
Phe oxytocin 
first announced at that earlier 
possible to discuss the relation between the structure 


and vasopressin were 


meeting ; now It Is 
and action of a number of homologues. Oxytocinase 
with an artificial substrate, and 
found im the 
pituitary 


has been estimated 
been 


resembles 


a separate vasopressinase has 


placenta. Substance /’ these 
hormones in that it appears to be stored in nervous 
tissue, but fs structure and function are still unknown. 
The 
and the actions of a number of homologues have now 
but there still doubts 
about the relation of this substance to hypertensin. 

Kalfidin, bradykinin and other kinins form a group 
very similar actions Phe isolation of brady 


structure of angiotensin was elucidated m 1956, 


been yneasured, are ser1ous 


with 
terms of amino-acids 
1950: the 


kinin and its composition in 


were announced at the exact 


structure 


miectimnyg 
is now known 

The final session was devoted to anaphylatoxin, 
leucotaxine, exudin, globulins affecting permeability 
large 
Some of these latter substances are 


molecular substances by 
myury still not 
clearly detined and there is much more work to be 
the chemists who have already done so well 


and the activation of 


done by 
in thig field 

of these polypeptides are thought to play 
imporfant and pathology. 
Vasopressin controls the excretion of water, and 
oxytodin controls the uterus and the The 
released to cause vasodilatation in 


Sony 
parts in physiology 
breast. 
kinins may be 
active 
about all 
that 
inportant. 


There is clearly much to be discovered 
and every 
will prove to be physiologically 


TISSLIES. 
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they 


substances reason to 
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The symposium was a success because it collected 
the Ie ading from all the world. 
Owing to the generositv of the Welleome Trust and 


authorities over 
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Sandoz, Ltd., it was possible to invite contributors 
from the United = States, Switzerland, 
Germany and Austria. 

The book gives an authoritative summary of work 
im this field. It edited by M. Schachter 
and is beautifully produced, but rather expensiv 


Sweden, 


has been 
It did not appear until a year after the symposium 
on which it is based, but that was partly due to a 
printers’ strike It is likely to remain the best 
summary of work in this field for some time to come 


J. H 


CFADDUM 


SEDIMENTARY ROCK TYPES 


Microscopic Sedimentary Petrography 
By Prof. Albert V. Carozzi. Pp. vin 
York: John Wiley and Inc..; 
Chapman and Hall, Ltd., 1960.) 92s. net. 


Fr TRHE work of Prof. Albert V 

| to geologists by the publication in 1953 of his 
Petrographie des Roches NSedimentaires and by other 
Herg he describes his work and 
Throughout the book the 
European 


$85. (New 


Sons, London 


Carozzi is well known 


Hmnportant papers. 
that of others in English 
author refers to both American and 
examples, and the long list of references at the end 
of each chapter is by no means the least valuable 
part of this important book No attempt is made to 
confuse the student with a wealth of individual 
examples, but rather to describe ideal types together 
with the chief variations. From such descriptions 
itisa relatively simple matter for the research worker 
to apply such general principles to his own particular 
problems. 

The author divides the rocks 
three main groups, namely, the clastic, the biochemi 
cal and the chemical rocks. The first and last groups 
are well known to students, but the middle division 
familiar. Under this heading are described 
carbonate, iron-bearing and phosphoritic 
rocks which possess the common property of having 


sedimentary imto 


Is le SS 


siliceous, 


been generated chiefly by organic as well as chemical 
processes. 

In Part 1 the microscopic characters of the clastir 
rocks are dealt with under the headings of arenaceous 


Micro 


scopic definitions are reduced to an absolute minimum, 


rudaceous, pyroclastic and argillaceous rocks. 


and in this as in succeeding sections of the book the 


attention to the great amount of 
which is still required for a 


the many 


author directs 
additional knowledge: 


complete Yenesis ot 


understanding of 
sedimentary rocks 

Part 2 deals with the biochemical 
evaluation of the relative value of the 


rocks, and an 
two processes 
organic and chemical— is attempted. 

In the concluding part the evaporites are described 
These are, perhaps, the difficult of all 
sedimentary rocks to understand, and the author has 
wisely not ‘theorized further than published deserip 


among most 


tions enable him to do so. 

Prof. chief 
on the carbonates, and the many workers in this field 
will find much of value in his able summary concerning 
the formation of the oolites and dolomit ization. 

The book coneludes with author 
subject indexes, and is well produced on good paper 
with a pleasing type, though it is unfortunate that 
it rather on the high side. 


F. S. WaALLis 
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Mineral Processing 

By Dr. E. J. Pryor. Revised and enlarged edition of 
“An Introduction to Mineral Dressing’. Pp. vi-+814. 
(London: Mining Publications, Ltd., 1960.) 90s. 


FTHE second edition of Dr. Pryor’s book, under a 

| new title, is a revised, extended and improved 
version of the first. All the illustrations now have 
captions, it is less pedantic in places and there are 
improvements in detail of presentation, but some of 
the criticisms in the notice of the first edition (Nature, 
177. 908 ; 1956) are still valid. 

Although, as stated on page 3, “Mathematical 
presentation has been avoided as far as possible in 
this book”’, more formule are used in the new edition 
than in the first, but, when they are given just as 
formule, they do not always help the generally 
empirical approach (which may lead to undue wordi- 
ness) in the way that they should. Such mathemat- 
ical approaches as are used are spoilt by the 
haphazard use of symbols. Specific gravity and 
density (no units given) are used indiscriminately 
and their symbols may be 4, A, 9, y, or S. The 
symbol S is used also for the thickness of the double 
layer, for entropy, for specific surface and for the 
‘set’ of crushing rolls. The symbol FP is used for six 
different purposes and other symbols have multiple 
uses—one of them for two purposes on the same 
The formula for Reynolds number appears 

in one V is velocity, 2r is diameter and 
in the other y is velocity, 4 is diameter 


page. 
in two places ; 
4 is density ; 
and 9 is density. 

The chapter on the physics and chemistry of pulps 
has been considerably improved ; so has the chapter 
on coal preparation but perhaps not as much as its 
importance warrants. The chapter “Gold Cyanida- 
tion” has been replaced by a chapter “Chemical 
Extraction’ which devotes 58 pages to gold but 
only an inadequate 14 to “other metals and minerals”’. 

The book as a whole is well arranged and contains 
a great deal of information, perhaps too much in 
connexion with details of process and plant operation, 
some of which might well be omitted in a new edition 
and the space so released used for more rigorous 
mathematical approaches to those problems which 
lend themselves to such treatment. S. G. Warp 


Demineralization by Electrodia!ysis 
Edited by J. R. Wilson. Pp. xv +378. (London 
Butterworths Scientific Publications, 1960.) 60s. 


N 1959, the world’s largest electrodialysis plant 

came into operation at the Free State Geduld 
mine in South Africa. This plant, with a design 
capacity of 2,400,000 gallons of desalted water 
a day, was the outcome of a programme of research 
and development in the laboratories of the South 
African Couneil for Scientific and Industrial Research. 
This book by the staff of the Process Development 
Division of the Council's National Chemical Research 
Laboratory, is a review of the process of demineral- 
ization by electrodialysis, and also a technical record 
of the various stages in the development and construc- 
tion of the largest electrodialysis plant which has 
so far been built. The book contains chapters on 
the electrodialysis process, the physical chemistry 
of ion-selective membranes, the preparation and 
characterization of membranes, the design and 
operation of electrodialysis plant, pilot-plant opera- 
tions, and the Free State Geduld electrodialysis plant. 
The later chapters, which include details of the 
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difficulties encountered in the preparation of the ion- 
selective membranes and in the construction and 
operation of the plant, will be of value to all who are 
concerned with the practical application of electro- 
dialysis to water desalting. The earlier chapters 
will be of wider interest. The book contains a great 
deal of useful information and is supplemented by 
a comprehensive bibliography. The index is a littl 
difficult to use, but otherwise the book is well produced, 
with very good illustrations and diagrams. 


D. K. Hare 


On Mathematics and Mathematicians 
By Robert Edouard Moritz. (Formerly titled “Memo 
rabilia Mathematica or the Philomaths’s Quotation 
Book”’.) Pp. vii+410. (New York: Dover Publi 
cations, Ine.; London: Constable and Co., Ltd.. 
1958.) 1.95 dollars: I6s. 
"Toe publishers of paper-back reprints are not 

always happy in their choices, but only the very 
hard-hearted reader will refuse a welcome to this 
reprint of the ““Philomaths’s Quotation Book”, long 
out of print and almost unobtainable. From mor 
than 2,000 quotations we can select informed and 
ill-informed attempts to define mathematics, we can 
read what Gauss and Henry Smith have said about the 
theory of numbers or what Condamine said about the 
Yancos of the Amazon, whose name for three 
‘poettarrarorincoaroac’ : ““Heureusement, leur arith 
métique ne va pas plus loin”. The Sylvester anec 
dotes alone are worth the price of the book. An 
excellent bed-side volume ; but it has a deeper value 
How many of the judgments and opinions which 
were acceptable in 1914 retain their full worth to-day * 
If Moritz could give us a 1960 collection of “great 
thoughts’’, with quotations from Bourbaki, Brouwe 
Hardy, Hogben, Hilbert, Weyl, to name only a few. 
would the comparison not show a difference in tone 
and values enough to indicate a profound revolution 
in our ways of thinking about mathematics ? Would 
it be Trollope against Graham Greene? "Qheses hav: 
been written on less interesting themes. 

T. A. A. BrRoOaDBENT 


Handbook of Geophysics 
Revised edition. (United States Air Force/Geophysic- 
Research Directorate.) Pp. xvii+657. (New York 
and London: The Macmillan Company, New York 
1960.) 105s. 

Y means of excellent diagrams and detailed 

tables this volume summarizes our knowledge 
of that part of geophysics concerned with phenomena 
above the Earth’s surface. Much of the information 
is intended for the engineer designing aeroplanes and 
rockets ; but the compilation will be of great value 
to the scientist and of considerable interest to the 
general reader. For example, the chapter on clouds. 
which gives tables showing the frequency of various 
ceiling heights of cloud at various places, provides 
very interesting reading. 

There are chapters on the divisions of the atmo 
sphere, its temperature, density and pressure distri 
bution, a discussion of winds, including data on the 
jet stream, data on the rain and hail distribution and 
on the composition of the atmosphere. There ar 
charts of the Earth’s magnetic field and data on 
magnetic activity and atmospheric electricity. Basic 
information on geodesy is given and thermal and 
cosmic radiation discussed. The propagation of light, 
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Jectromagnetic radiation, and sound through the 
atmosphere is another topic, and there is a very 
useful chapter on devices for exploring the atmosphere. 
In places, the writing leaves something to be desired ; 
for example, meteors are defined as ‘‘extraterrest rial 
matter which have penetrated far enough into the 
earth’s atmosphere to become embroiled in a violent 
reaction with it’’. S. K. RuNcorn 


Nc. 4761 


A Bibliographical Index of the British Flora 
Including Floras, Herbals, Periodicals, Societies and 
References relating to the Identicfiation, Distribution 
ind Occurrence of Phanerogams, Vascular Cryptogams 
und Charophytes in the British Isles. Compiled by 
N. Douglas Simpson. Pp. xix+429. (Bourne- 
mouth: N. Douglas Simpson, 3 Cavendish Road, 
1960.) np. 

FTAHIS is an ambitious effort to index references 
| concerning the identification, history and geo 
graphical range of the flowering plants, vascular 
eryptogams and charophytes in the British Isles, 
including Ireland. It attempts to provide 
information on plant-lore, local names, poisonous 
plants and weeds. ‘To accomplish thoroughly such a 
task would be a prodigious undertaking requiring 
detailed scrutiny of the literature in which 


also 


vast 


records may be expected. It is not surprising, 
therefore, that the present work is admittedly 


incomplete, with many publications of local societies 
and other sources entirely unexamined. The format 
of the book is unnecessarily elaborate, with the entries, 
many of them of trivial scientific significance, arranged 
in a complicated and indeed irksome sequence. Any 
attempt to give a complete list of species records 
under the various counties would be a colossal and 
forbidding task for any individual, and in this volume 
it seems ill-advised and redundant to include quite 
an arbitrary selection of such records. The work 
is undoubtedly the produet of great industry and 
within its limits will certainly be a useful adjunct in 
the study of the British flora G. TAYLOR 


Founders of British Science 


John Wilkins Robert Boyle —John Ray 
Christopher Wren-—Robert Hooke Isaac Newton. 
By J. G. Crowther. Pp. ix 10 plates. 
London : The Cresset Press, 1960.) 35s. net. 


T is greatly to be hoped that no one will be misled 

by the title of this book: it is neither an attempt 
to establish an exclusively ‘British science’ on the 
model of the ‘Aryan science’ of the ‘thirties, nor 
dogmatically to exclude other claimants to the title 
of its ‘founders’. Mr. Crowther’s preliminary chapter 
emphasizes the importance of Gilbert, Napier, Har- 
riot, and Harvey in the ‘gestatory period’ of British 
science ; indeed, as scientists, all four of these men 
might be held to be of greater stature than Wilkins. 
But ‘science’ for Mr. Crowther, as he has made abund- 
antly clear in earlier writings, 15 no isolated activity 
to be followed at the beck of individual whim and 
venius, but is ‘wholly’ effective only when the course 
of its progress is in harmony with social needs. To 
illustrate this anew, he has examined with great 
thoroughness the contemporary sources which shed 
light not only on the scientific achievements of the 
six well-chosen ‘founders’ of ‘organized’ British 
science, but also on their social circumstances, 
aspirations, frustrations, and insight into contem- 


porary needs. In a w ide-ranging survey of such a 
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controversial question It 1s inevitable that the account 
of the facts, and even more of some of the inferences 
drawn from the facts, will not pass unchallenged ; in 
pressing the argument too hard, the author is some 
times even landed in inconsistency. Also the ‘close 
naked style’, which would have pleased his hero, 
Wilkins, makes some of Mr. Crowther’s statements 
appear more dogmatic than he perhaps intended. 
But the great virtue of his book is that, apart from 
its assemblage of a great deal of significant but 
widely scattered information, it is provocative in the 
best sense. It is not necessary to go the whole way 
with Mr. Crowther to weleome his presentation of the 
thesis that scientists no longer (if they ever did) pass 
their lives in some empyrean realm in selfless dedica 
tion to the pursuit of ultimate truth. 

W. P. D. WicutTmMan 
Food Chemistry 


By Prof. Lillian Hoagland Meyer. (Reinhold Organic 


Chemistry and Biochemistry Text-book Series.) 
Pp. xiv+395. (New York: Reinhold Publishing 
Corporation ; London Chapman and Hall, Ltd., 


not 

ROF. MEYER states in her preface that the aim 

of her book is to provide a unified picture of foods 
from a chemical point of view. To this end the 
emphasis is on the composition of foods and the 
that occur when they are 
processing. The book is intended for students who 
have been trained in organic chemistry, but some 
chemical background is provided to clarify details 
of methods of analysis and identification. The book 
is descriptive rather than didactic in relation to 
practical work in food chemistry and is not therefore 
It does, however, 


Hes. 
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changes subjected to 


suitable as a laboratory manual. 
provide a readable survey of the nature of fat, 
carbohydrate and protein components of common 
foods with additional chapters on flavour and aroma, 
on meat and meat products, vegetables and fruits, 
milk and milk products and on cereals. An appendix 
gives an account of food additives permitted by the 
most recent lists of the U.S. Food and Drug Admini 
stration. A. M. 
Sampling Inspection Tables 
Single and Double Sampling. By Harold F. Dodge 
and Harry G. Romig. Second edition, revised and 
expanded. (Wiley Publications in Applied Statistics.) 
Pp. xi+ 224. (New York: John Wiley and Sons, 
Inc.; London: Chapman and Hall, Ltd., 1959.) 
64s. net. 

NINCE the first edition of this book appeared in 

1944 it has been one of the most useful sets of 
tables for scientific sampling inspection. This new 
edition, on a much larger page, has grown almost 
out of recognition, mainly because of the addition 
of a set of diagrams of operating characteristic 
curves. The four chapters which precede the tables 
are themselves a valuable introduction to the theory 
and method of sampling inspection. After these one 
finds the curves and sampling tables for specified lot 
tolerance per cent defective and average outgoing 
quality limit, both for single and for double sampling 
plans. There is also (an unusual feature in tabular 
material) a useful index. This is an essential book 
for the serious student and the factory operator, 
written with the authority of long experience in 
teaching and practical application. 
KENDALI 
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BIOCHEMISTRY OF HEREDITY: A GENERAL HYPOTHESIS 


By Dr. IAN LESLIE 


Biochemistry Department, Queen's University, Belfast 


(1) BIOCHEMICAL RELATIONSHIPS BETWEEN 
DEOXYRIBONUCLEIC ACID, RIBONUCLEIC 
ACID AND HISTONES 


of major advances biochemistry 
| during the past ten years, it is now possible to 
think of the hereditary characteristics 
from parents to offspring in chemical terms. The 
landmarks of progress im this direction are: (1) the 
realization that deoxyribonucleic acid (IDNA) is the 
primary substance of all cellular organisms'”, 
and (2) the construction by Watson and Crick?® of a 
molecular model of DNA, the reality of which now 
appears to be established*’. The structure is unique, 
complementary polynucleot ide 
strands, linked together by hydrogen-bonding between 
the base pairs, adenine (A) to thymine (T), and 
yuanine to eytosine (C). 

Other vital 
ribonucleic acid 


transfer of 


genet i 


consisting of two 


discoveries concern the function of 
(RNA), which, in contrast to DNA, is 
not confined to the chromosomal elements of the cells 
but is spread throughout the nuclear and cytoplasmic 
The RNA molecules, like those of DNA, are 
known to carry information as single 
stranded polynucleotides within the sequence of bases 
A. U (uracil), G and C. This has been demonstrated 
unequivocally by the that the chemical 
alteration of the bases in RNA from tobacco mosaic 


regions 


now genetic 


diseo, ery 


virus produced a mutant virus, in which the protein 
had @ distinctive amino-acid composition’. 

In cellular the single- 
tranded template RNA, located in the ribosomes, 
directs the sy nthesis of the cell specific protems. The 
association between RNA and protein synthesis has 
been recognized for some time’.*; but its exact role 


organisms it is beheved 


largely through 
and their col 
begins with the 
produce their 
adenylate-enzyme complexes which then link the 
RNA 


soluble or 


only became known in recent years, 
the work of Zameenik. Hoagland 
leagues* Proteim  svnthests 
wtivetion of the amino-acids to 
molecules. 
transfer 
amino-acids into their 
RNA!®.13, 
The coding operation almost certainly depends on 
th hyadre gen-bonding of the base pears, Ato U and 
(; to C, but the discovery of the « iphe r for each amino 


amino-acids to specific ‘transfer 
This form of RNA (known as 

RNA) is believed to direct the 
particular sequence along the 


tem) late 


acid remains one of the erucial problems of current 


13, 14) 


research (cf 


The Genetic Problem 


The erticle is coneerned solely with the 
exchange of genetic information between DNA and 
RNA, and with the mechanism which decides whether 
the information will be expressed or suppressed in 


the differentiated cells of higher organisms 


presen 


Crick has defined the problem in straightforward 
and lucid terms". His “central dogma” is that “the 
transfer of information from nucleic acid to nucleic 
acid, and from nucleic acid to protein may be possible, 
but the transfer from protein to protem or protein to 
nucleic acid is impossible’, This is almest universally 
accepted, as is the concept that RNA is the messenger 
which earries information from the DNA of the 
chromosomes to the metabolic regions of the cells. 
In Crick’s terms, the four-letter code given by the 
bases A, T, G and C has to be translated through 
RNA to form the twenty-letter amino-ecid sequences, 
which endow proteins with their specific functions 
The key to this genetic code lies, therefore, in the base 
composition of the messenger or template RNA, which. 
by all indications, is produced as 
polynucleotides on the DNA ‘master-genes’!*! 

New information, obtained initially from cultures 
of human liver cells, has made it possible to formulate 
a general hypothesis of venetic coding and celhilar 
differentiation. The hypothesis is presented at this 
stage with the minimum of elaboration. Essentially. 
there are three main concepts : 

(1) Two 
operating in Nature 
another in the somatic cells of higher organisms 


single-stranded 


RNA 


one m certaim micro-organisiis. 


genetic codes for formation are 


(2) Histone proteins act as gene regulators by their 
ability to ‘stabilize’ one polynucleotide strand and 
depolymerize or ‘disjoint’ the complementary strand 
which is derived from the ‘soluble’ or ‘transfer’ RNA. 

(3) In the differentiated cells of higher organisms. 
part of the histone allows the RNA templates to act 
as protein synthesizers ; another histone, 
located in the nuclei, bas the function of suppressing 


the template function of the associated RNA 


form of 


The Base Composition of Template RNA 


Human liver cells (strain HM) have been cultured 
in sufficient their fractionation imto 
nuclei, combined (nuclei, mitochondria, 
large microsomes), and ribosomes. The nuclei wer 
cleaned by treatment with 0°25 M sucrose, 0 ol MV 
citrie acid at pH 3. and the combined particles were 
spun down at 18,000g for 30° min. from 0-44 
suerose buffered at pH 7-4. The were 
obtained by treatment of the microsomal pellets with 
agents in medium and 
mentation at 105.000q for 2 hr. The determination 
of base ratios in RNA and DNA gave the following 
information, which will be published in greater detail 


amounts for 
particles 


ribosomes 


surface-active Sucrose sedi 


elsewhere?*. 

(1) The mean DNA base composition, A:T :G :¢ 
is 30:30:20: 20 and close to the values previously 
found for human cells?'. 

2) The total RNA of the combined particles has 
base ratios for A:U:G:C€C equal to 19: 18:31 32 


- 

i 

} 
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Duplex DNA Per 100 bases (4) Duplex RNA 


30 A A-—U 
OT | U-—A 


Per 100 bases 
19 A 
Ist 

ti 


(determined) 


20G 
(determined ) 


) KNA isolated from nuclear fraction* 
RNA RNA Hence duplex Per Per 
template second strand RNA 100 bases 
24 24 
1S \ 15 
( 


200 bases 


24 


15 
$7 i—C-] 37 
24 -G 24 | 24 
(deduced) 
* Substitution in the ‘RNA template’ columm of the ratios A:U:G :¢ 
14:25:48: 13, obtained for the RNA of acid-extracted combined 
particles, gives the same values in the last column 
Fig. 1 The base compositions of duplex forms of DNA and 


RNA and their relationship to single-strand RNA isolated from 
human liver cells (47M strain) 


determined) 


Thess may reasonably be called the inverse of the 
DNA ratios ; they would be 20: 20: 30: 36. 
For convenience, such base compositions in which 
\ T or U and G C will be called ‘symmetrical 
(3) Extraction of the combined particles with ice 
cold dilute sulphuric acid removed histone protein 
and per of the original RNA The 
composition of the residual RNA was found to be 
radically changed from the symmetrical pattern of 
total RNA. The ratios A:U:G:C of 14: 25:48:13 


are surprisingly close to those of post-microsomal 


ideally, 


about 50 eent 


KNA’s isolated from guinea-pig pancreas??, 

(4) For the total RNA of citric acid-washed nuclei 
the ratios 24:15:37: 24 and are almost 
identical to values for RNA isolated from rat liver 
ribosomes and purified by column chromatography 
on ‘Eeteola’ cellulose?*. Ribosomal RNA from HLM 


cells also has an ‘asymmetrical’ composition (19: 18 : 


base are 


Zé). 

(5) Acid extraction of histone protein from nuclear 
and ribosomal fractions caused no loss of RNA and 
scarcely any change in the asymmetrical base ratios 

The interpretation of these results is given diagram 
matically in Fig. 1. The symmetrical ratios for 
DNA are a recognized feature of its duplex structure 
(Fig. la). It is proposed that the symmetrical ratios 
for total RNA in the particles are a 
consequence Of its duplex form in these preparations. 
The asymmetrical RNA’s, on the other hand, are 
thought to be different molecular populations of 
single-stranded template RNA. If this proposition is 
correct, the duplex base ratios derived from them 
arithmetically should be the same as those found 
for total RNA in combined particles. These are 
calculated for nuclear RNA (Fig. Ice), on the assump 
tion that A bonds to U and G to C. The agreement 
between the deduced values and symmetrical RNA 
Fig. 16) is, in facet, found to be very close 

With the knowledge that the duplex and singk 
stranded forms of RNA can be isolated by appropriate 
procedures, and can be recognized by the symmetry 
or the particular asyminetry of the base compositions, 
it has been possible to detect these two forms of 
RNA in the results of other investigators. In some 
the conclusion that the RNA has 
isolated as single-stranded polynucleotide is asso 


combined 


mstances, been 


cieted with metabolic evidence suggesting its template 


funct 


Transfer of Template RNA from Nucleus to 
Cytoplasm 


In the present work with human cell cultures, it 
has been possible to show that the asymmetrical or 
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template RNA is produced in the nucleus and moves 
to the cytoplasm during interphase. This transfer 
is a vital feature of present concepts of genetic 
coding and has been studied intensively in recent 
(cf. ref. 26). The movement of RNA from 
nucleus to cytoplasm has already been made visible 
in human cells by labelling the nucleic acid with 
tritiated-evtidine and applying the autoradiographic 
technique to the coverslip cultures removed at 
intervals the twenty 
However, in these circumstances, the labelled poly- 
nucleotide could consist of both the template and 
‘transfer’ parts of RNA. This doubt has 
eliminated by labelling the nucleotides with phos 
phorus-32 and isolating them from the asymmetrical 
RNA’s prepared from the 
fractions. 


The 


Vears 


over subsequent hours?’. 


been 


nuclear and ribosomal 


5-thioro-2-deoxvuridine in- 
hibits without effect on 
RNA possible to block mitosis 
and keep the majority of the cells in the interphase 
state", showed that RNA and 
protein in the HLA cell cultures would increase by 
about 50 per cent in 24 hr., any coneurrent 
increase In DNA formation. With this experimental 
system. the changing pattern of labelling in the RNA 
was the nuclear and 
somal fractions at different times after the cells had 
been im contact with isotopic medium for one hour 


d scovery that 
DNA synthesis 


formation 


immediate 


makes it 
Preliminary tests 


without 


nucleotides followed in ribo 


The isotopic medium was completely removed, and 
the cells continued to metabolize in the ‘cold’ medium. 
which was replaced again one hour later to reduce 
still further the 
phosphate. 

The first obvious feature of the labelling was that 
the specific activities of the RNA nucleotides from 
the nuclei were 


metabolic pool of radioactive 


tour times those of ribosomes at one 
hour and they were still twice as high at ten hours 
After 24 hr. the levels of radioactiy itv were the same 
in all This rapid 
RNA, followed by a gradual levelling-out of the 
difference between nuclear and ribosomal RNA, is a 
well-established sequence of events in animal cells®* 


fractions. labelling of nuelear 


However, unless the labelled nucleotides are known 
from asymmetrical RNA, it is 
prior labelling 
to the cyto 


to come template 


from the 


eventually 


not possible to conclude 


in the nuclei that it moves 
plasm. 

When it was realized that RNA had been isolated 
in template or near-template form (as in ribosomes), 
the change in pattern of the labelling of the nucleo 
tides with phosphorus-32 with time under 
standable. The results of two 
Table 1. As the specific activities are all expressed 
relative to the value of 100 for adenine, the more 
rapid labelling of the nuclear RNA is concealed. The 
values are intended to emphasize important differ 
adenvlice acid 


became 


tests are shown in 


ences between the ré lated nucleotides, 
and guanylie acid on hand, and between 
uridvlic acid and eytidylic acid on the other. It is 
seen that higher for 
adenvlie acid and uridylic acid than for guanylie acid 
and that the adenyliec : 
and uridylic evtidylie are in 
ribosomal RNA at the short labelling-time of 
hour. By comparison, the corresponding ratios for 
nuclear RNA are nearer unity or ‘less asymmetrical 
at each time of sampling. 

The interpretation of these results rests on the 
knowledge that, in the synthesis of purine nucleotides 


one 


specific activities are always 


and evtidylic acid, ratios, 
guanylic 
one 


‘ 

3 

an 

a) 
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i 

4 

2 
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fable 1. EVIDENCE FOR THE MOVEMENT oF TEMPLATE KNA FROM 


THE NUCLEUS TO CYTOPLASM DURING INTERPHASE IN CULTURES OF 
HLM C8LLs 


Duration Relative specific activities of nucleotides 
of (Adenylic acid 


Source phosphorus | 100 counts/min./10 pgm.P) 
| of RNA 32 — 
metabolism®| Adenylic Uridylic Guanylic Cytidylic 
(hr. j acid acid ack acid 
Nuclei 1 100 108 
Ribosomes 130 49 51 

| Nuclei " 100 119 105 108 
Ribosomes " 100 a9 66 75 
Nuclei lo 100 106 97 4 
Ribosomes 100 114 87 
Ribosomes 23 100 109 an 07 


* The culture medium contained 0-1 agm. 5-fluoro-2-deoxyuridine 
mi. from 4 hr. before inclusion of 5 we. **PO,/ml. for a period of 1 hr 
Isotopic medium was replaced by non-isotopic medium at 1 and again 
at 2 hr., and the cells were harvested at times indicated 


adenylic acid precedes in time guanylic acid, and in 
the synthesis of pyrimidine nucleotides, uridylie acid 
precedes cytidyvlic acid®*-**, This should lead to an 
initial unevenness of nucleotide labelling which can 
be expected to disappear when equilibrium with radio- 
active inorganic phosphate is achieved. (This is 
found even when the RNA is degraded to 2’(3') 
nucleotides, asymmetric RNA there is at 
least 60 per cent of guanine and cytosine.) 

The only likely explanation which can reconcile 
the coincidence of faster labelling of nuclear RNA 
with greater asymmetry of radioactivity within ribo- 
somal RNA is that template RNA is formed within 
the nucleus and moves out to the cytoplasm. The 
gradual towards uniform labelling of 
nucleotides in both fractions as time proceeds is fully 


since in 


progression 


consistent with this interpretation 


Ribonuclease Activity of Histone Protein 


rhe most remarkable feature about histone protein 
has been the lack of information about its metabolic 
or enzymic activity. (This was justifiably said of the 
nucleic acids less than ten years ago (cf. ref. 12).) It 
has long been recognized as the companion-protein 
of DNA in animal and plant cells, and the view is 
still held that histone, like DNA, is confined to 
the cell nucleus. The one role which has been 
consistently claimed for it is that the 6-histone from 
nuclei is cell-specific and acts as a gene-inhibitor®?.** 
This has remained hypothetical, because the concept 
depended on differences in composition 
and electrophoretic behaviour of the proteins 
rather than on the demonstration of their mode of 
action. 

Within the past two vears, the presence of histone 
like protein has been confirmed in the ribosomes 
prepared from animal and plant cells**-5*, and is 
reported in the smallest ribosomes from Escherichia 
coli. When it became apparent that histone might 
not be confined to the nucleus, an investigation was 
begun on its distribution between the nuclei and 
ribosomes of HLM cells. ‘The protein was extracted 
with ice-cold 0-5 N sulphurie acid and precipitated 
with ethanol**, before being purified by column 
chromatography on carboxymethyleellulose (What 
man)**. This work was later extended to the histones 
of guinea pig liver, and the new information which 


obser ed 


it vielded is now briefly summarized 
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(1) The amino-acid composition of the acid- 
extracted protein from ribosomes of HLM cells was 
shown by paper chromatography to be similar to 
that of histone*®. The average arginine concentration 
was 16 per cent. 

(2) The nuclear histones from both HLM cells 
and liver produced four fractions in the eluent from 
the column. Fraction I was largely polynucleotide 
material ; IT, 111 and IV were histones. Fraction IT] 
was arginine-rich (average 22 per cent) and it probably 
corresponds to the $-histone of Cruft, Mauritzen and 
Stedman*®. 

(3) By contrast, the ribosomal extracts from both 
HLM cells and liver produced only three peaks. 
corresponding to I, II and IV above. It can be 
concluded that only histones [IT and IV are associated 
with the template RNA which moves from the 
nucleus to cytoplasm. The profiles of ribosomal and 
nuclear histones isolated from HLM cells are shown 
in Fig. 2. 

There were a number of reasons for proceeding to 
test the eluted histones for their ribonuclease activi 
ties. Chief among them the reports that 
highly purified ribosomes contained latent forms of 
this enzyme, which became active only on releasing 
the protein from its associated RNA**. It was also 
observed that the profiles for the ribosomal histone 
were similar to those for ribonuclease released from 


were 


pancreas microsomes by dilute sulphurie acid and 
separated by column chromatography**. The follow 
ing results were obtained with histones from //LM 
cells and guinea pig liver**. 

(4) Each histone peak from the 
ribosomal preparations showed ribonuclease activity 
towards yeast RNA*. The activities of nuclear 
histones were higher at pH 7-8 (alkaline histone 
ribonuclease) than at pH 5 (acid histone-ribonuclease). 
in general agreement with earlier observations on the 
total enzyme activity in liver nuclei**. With the 
ribosomal histones from 1M cells, depolymerization 
occurred at pH 7-8, but the same protein showed 
virtually no activity at pH 5; Tashiro** and Roth* 


nuclear and 


both report that ribosomes contain latent alkaline 
il il 
' 
' 
J 
7 
7 
= § 
= 5 
= 
=) 
an 
Jj 
No. of tubes 
Pig. 2. Histones of human liver cells (47M cells) fractionated 


hy gradient elution from 10-cm. colummes of 
(Whatman) nuclei ribosomes 


J 

i 
is 

| 
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but not acid ribonuclease. The distribution within 
these cells of the histone-nucleases with these pH 
optima has still to be fully delineated. 

(5) Ribonucleic acid, prepared from guinea pig 
liver, showed no depolymerization at pH 5 in the 
presence of excess of the combined nuclear histones 
from this organ. (Excess of histone is present in the 
assay when there is more than one histone amino-acid 
for every nucleotide in the substrate RNA.) The 
same RNA preparation, which had been purified by 
removal of nucleotide material soluble in ice-cold N 
perchloric acid in 1 hr., was depolymerized by bovine 
pancreatic ribonuclease and by 71M nuclear histone 
under identical conditions. Confirmation of enzymic 
activity of the nuclear histone was obtained con- 
currently with yeast RNA, likewise purified by mild 
perchloric acid treatment. 

(6) The above observations on histone-nuclease 
activity are found to depend on the presence of 
sodium chloride of between 0-05 and 0-3 M in the 
medium. Further work the 
sodium, potassium and IS necessary 


No. 4761 


on effects of 


for proper understanding of histone-nucleass 
awetron. 
(7) As regards the nature of the specially prepared 


KNA used in these tests, there is sufficient evidence, 
based upon the recognition of the base compositions 
of single-strand and double-helix RNA, to indicate 
that it is the single-strand, template form of the 
nucleic acid. 

This work on the interaction between histone 
fractions and RNA from different sources is econ 
tinuing, but it already shows that histones can act 
as depolymerases towards RNA, if the RNA is not 
their associated template form. Their stabilizing 
action towards template RNA is indicated by the 
absence of any breakdown when homologous RNA 
was incubated with excess of the combined nuclear 
histone in the absence of saline and magnesium ions 
This suggests that RNA is stabilized by histone when 
the ionic conditions promote bonding between the 
RNA and histone moieties. 


Genetic Function of Histone-nuclease 


[It is proposed that each RNA template has 
specific stabilizing histones, which can act as de 
polymerases towards polyribonucleotides of different 
base composition. Experimental support for this 
concept is implicit in the present results and in thre 
illuminating papers on the latent ribonuclease activity 
in There are also such 
clear-cut between the effects on ‘syn- 
thetic’ polyribonucleotides as the ability of bovine 
pancreatic ribonuclease and an alkaline ribonuclease 
from rat liver to degrade polyuridylic acid but not 
polyadenylic acid**, The more subtle aspects of the 
inverse behaviour of different nucleases have been 
described by Hilmoe*?. 

Logically, it is a short step from this view of 
histone-ribonuclease action to the concept that each 
stabilizing histone of single-strand template RNA is 


distinet ions 


the depolymerase for its complementary strand 
formed during protein synthesis. Although a 


reasoned case could be made for this particular 
‘all-or-none’ action of ribonuclease, it would be 
premature to do so until it is known whether the 
minor nucleotides (pseudouridine, 5-methyleytosine, 
6-methylaminopurine, ete.), found mainly in soluble 
RNA®, are also part of the complementary strand 
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It is postulated that histones, like template RNA, 
are formed on the DNA genomes and may have the 
function of stabilizing the RNA templates while 
acting as depolymerases towards the complementary 
strands. If separated from the RNA, they will 
depolymerize any unprotected RNA molecules of 
different? base composition. It follows that the 
of nucleic acid with specific histone 
nucleases'* may be the means of suppressing the 
continuity of the polynucleotide strands which would 
pass on the ‘wrong’ information in protein synthesis 

Stent®? has discussed this problem of ‘active’ and 


association 
4s 


passive’ strands in relation to genetie coding systems, 

and from Hotchkiss*’ has come the suggestion that 
‘theories of DNA replication should take into account 
the enormous stability that one single-helix running 
in one direction could have towards an enzyme actively 
engaged in exchanging base residues at the end of a 
chain which is being synthesized in close proximity 
along an opposite direction’. These concepts form 
an integral part of the hypothesis that there are in 
existence two coding systems for exchanging genetic 
information between DNA and RNA 


GENETIC CODING SYSTEMS IN CELLS 
AND VIRUSES 


Four coding systems have been proposed for the 
transfer of genetic information from DNA genomes 
to the RNA templates required for protein synthe 
sis®?,5*-5*, All involve the assumption that the purines 
and pyrimidines or their base-pairs, A-T’ and G-C, 
along the DNA chains determine the base sequence 
in the derived single-strand RNA. The ciphers for 
these codes are shown in Table 2. Three envisage 
the formation of RNA on duplex DNA and the 
fourth adopts RNA base-pairing rules, analogous to 
those in DNA, for producing an RNA strand from a 
single gene-strand. This last is attributed to 
tich®*, as he has presented the case for it in some 
detail. 

Zubay®*' and Sinsheimer®® developed their coding 
systems from the observation of certain trends in the 
base compositions of RNA and DNA in metazoan 
and unicellular organisms. The Zubay’s 
code is the near-equivalence in animal cells of the 
ratio (G C)(A U) in nuclear RNA with the ratio 
(A + T)/(G + C) in the associated DNA. This led him 
to propose that the base pairs A -T and T -A locate 
either cytosine or guanine on single-strand RNA. 
according to their orientation along the double-helix 
similarly, G—C and C—G locate the position of the 
bases adenine and uridine, and thus determine the 
sequence along the RNA strand. The four possible 


(2) 


code 


basis of 


arrangements of this coding system are given in 
Table 2. 
Sinsheimer’s coding system was designed to 


reconcile the paradox of the apparent co-existence of 
DNA of widely different composition with RNA of 
more uniform composition in a range of bacterial 
Essentially, his system allows the base- 
pair C—G to be substituted for A—T without 
altering the base of the derived RNA. 


Again there are four possible combinations of this 


organisms. 
sequence 


code, as shown in Table 2. 

The individuality of the coding systems of Rich and 
Stent®? lies in the manner of their operation. Stent 
envisages the growth of RNA as a third strand in 
the deep groove of the DNA duplex, while Rich 
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POSSIBLE CODING SCHEMES FOR THE TRANSFER OF 
INFORMATION BETWEEN DNA AND RNA 


combinations for transfer 
DNA to RNA 
RNA bases 

Uracil Cruanine 


Possible 


Adenine Cytosine 
Zubay (ret 
D4) 

ivorTaA 


es or 


(a) tet 
(6) CG 
(eo) ti 
CG 


Single- 
strand 
DNA to 
single 
strand 
RNA 


pairing 


* Italics indicates DNA base-pairs. 


suggests, for stereochemical reasons, that a single 
strand of RNA could form on a strand of DNA, 
producing a transient hybrid molecule. Both these 
codes have a single cipher for the four RNA bases by 
which, for example, A and A—T locate the position 
of uridine in the RNA strand. They adhere, in effect, 
to the hydrogen-bonding rules for the DNA duplex. 

A vital difference underlies this similarity in their 
In the single-strand system of Rich, each 
strand from duplex DNA should capable of 
producing an RNA _ template. their 
opposite polarity, these strands would earry contra- 


‘mHessage . 
be 


Owing to 


clictory information to the sites of protein synthesis. 
Kither the concept of ‘active’ and ‘passive’ DNA 
strands must be invoked®*, or a mechanism 
exist for suppressing one template while eliciting the 
expression of the other 


must 


Conditions for Testing Genetic Coding Systems 


Knowing the base compositions of single-strand 
KNA and the conditions for isolating it in this form, 
it is possible to test the validity of these four coding 
Thoroughly criteria for such 
tests would require : 

(1) Independent confirmation that the template 
RNA was single-stranded by physicochemical studies 
the its ability, when in 
ribosomes, to direct specific prote in svnthesis. 

(2) The isolation from the same tissue of RNA in 
its double-helical form, and the knowledge that its 
with the duplex ratios 
single-strand or asymmetric 


systems. rigorous 


or by demonstration of 


base agrees 
caleulated from the 
RNA as shown in Fig. I. 

(3) An established base composition for the DNA 
of the species. 

For the present, it is not possible to satisfy fully 
Since the hypothesis is intended 


composit 


these conditions 
to lead to experimentation and discussion, it will be 
developed from the available information, 

Table 3 gives the base compositions of RNA and 
DNA from human cells, rat liver and pea seed roots. 
The reasons for the assumption that two RNA 
complexes have been isolated from the human liver 
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cells in their single-strand form are given above. The 
extent of the base-ratio asymmetry can be judged 
from the factor in the second-last column of Table 3. 
This increases as the numerical gaps between adenine 
and uridine, and between guanine and cytosine, widen. 
The values of the factors are, of course, very low or 
zero in duplex forms of RNA and DNA. 

The base ratios for single-strand RNA of rat liver 
are those of RNA II isolated by column chromato 
graphy on ‘Ecteola’ cellulose by Goldthwait®*, who 
observed that it was similar to post-microsomal RNA 
and did not act as ‘transfer’ RNA, unlike the accom- 
panying RNA. It is seen that the duplex composi- 
tion, calculated from the RNA TI, 
resembles closely a determined symmetrical RNA. 
isolated from whole-cell preparations by Elson and 
Chargaff*’. The inverse patterns of the base com- 
positions of duplex forms of DNA and RNA are 
again evident in these cells, and this relationship is, 
in fact, a characteristic feature of the nucleic acids 
in animal and plant cells. 

The asymmetrical RNA of pea seed roots came 
from the nucleic acid, which remained in the thin 
transverse segments of the tissue after extraction 
with N perchloric acid at 2—4° over 30 hr.5*. There 
is evidence that the degradation of the complementary 
strand occurs under such conditions?® and the 
increased amounts of residual RNA found in the 
more mature cells** are consistent with its template 


base ratios of 


nature. 


Genetic Coding in Animal and Plant Cells 


The consequences of applying the coding systems of 
Zubay** and Rich®* to the data for human liver cells 
are illustrated in Fig. 3. | By using the ciphers given 
in Table 2, the composition of the DNA necessary to 
operate can be calculated from the asymmetric base- 
ratios of RNA. Only the first arrangement of the 
Zubay code is applied, since the others obviously give 


BASE COMPOSITIONS AND ASYMMETRY FACTORS FOR SINGLE- 
‘Np DUPLEX Forms OF RNA AND DNA FROM METAZOAN CELLS 


rable 3. 
STRAND 


tase Composition 


number per 100 bases) 

Asym- 
metry 
fac 


tor 


Species 
and 
tissue 


Ura 
Ade- cil 
nine thy 

mine* 


Nucleic 
acid Cyto- 


sine 


(iua- 
nine 


Human 
liver 
(HLM d 
cells) Duplex RNA‘ 

Duplex DNA 


Single-strand 
RNAC 


Rat Single-strand 
liver RNA 
Duplex RNA 
cale! 
Duplex RNA- 
deter'd. 
Duplex DNA 


Single-strand 
RNA 

Duplex RNA- 
cale.J 

Duplex DNA 


@ Thymine replaces uracil in DNA 

6 This factor is the sum of the differences between A 
G and C, 

¢ Is isolated from nuclear fraction washed with sucrose-citric 
medium 

4 isolated from combined-particles 
Fig. 1 and text). 

¢ Is isolated directly from combined-particles. 

fCaleulated from single-strand RNA as shown in Fig. Ie. 

? Residual RNA and DNA in tissue after treatment with ice-cold \ 
perchloric acid for 30 hr 


ind U and 


ufter histone extraction 


= 
Coding Proposed 
yatem r 
Duplex 
DNA to 
single 
RNA CG TA AT 
AT TA by 
Stent (ref. rie 
j ie 
As in next TA Al Cu 
coluran 
Sinshetmer 
(ref. 56) 
17 wive (a) TA AT tif 
Git or Ait (4) AT tit TA 
TA'GC give (2) CG ra AT 
ef. Rich (ref : 
55) based 
on Watson \ 
Crick base 
ae. 
Ref 
i4 25 $s 13 46 
19 1s 2 2 
25 24 2 2 
19 10 0 
18 20 2 4 
29 20 21 0 21 
Pea 
seed 27 17 17 22 bs 
roots? 
22 22 2a 28 0 
20 30 20 21 2 58 ne 
i 
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Hase-pair coding (for example, Zubay*') 
RNA DNA Hence Per 
in DNA 100 bases 
5A 
T= 30°5 T 
G=% ‘ 
C=15+: 


No. 476 


nuclear base-pairs Conclusion 

Similar to 
deter mined 
composition 
of DNA 


Code valid 


Single-strand coding (ef. Rich 
Hence 
DNA 

second 

strand 

4 Reverse ot 

5 determined 

composition 
of DNA 
Not valid 


base composition o! 


Per 100 
bases 


DNA 
template 


nuclear Conclusion 


24 


24 } 24 
N.B The same results are obtained with the 
RNA isolated from combined-particles after histone extraction 


Procedures for testing coding schemes illustrated with 
data obtained from human liver cells (71M) 


Fig. 3. 
the same result. If the derived composition agrees 
with the determined one for the RNA, the code may 
be said to be valid. If it gives the inverse pattern 
to the actual one, the code is clearly not valid. This 
unequivocal answer is obtained when the double- 
strand system of Zubay is compared with the single- 
strand code of Rich. The DNA ratios in 
Fig. 3a are very close to the observed values, while 
in Fig. 36 they are clearly the inverse. 

As Table 4 shows, such a straightforward distine 
tion cannot always be made when testing the validity 
of the codes. While there is no doubt that single- 
strand coding does not apply to animal and plant 
cells, ambiguity of dec's.on appears when the first two 
arrangements of the Sinshe:mer code are compared 
with the Zubay system. An arbitrary rating system 
has been devised to assist in the judgment of their 
validity (see footnote to Table 4). It indicates a 
slightly greater identity between derived and determ- 
ined values for DNA when the Zubay code is applied, 
since for the rat and pea data the system is probably 
valid, whereas with the Sinsheimer code it is possih/y 
velid. However, it cannot be concluded on such 
grounds that one operates and the other does not 
More cogent reasons for rejecting the Sinsheimer 
code in favour of the Zubay system will be given 
later. 

The vital feature of these tests is that they indicate 
that the exchange of genetic information between 
single-strands of DNA and RNA does not oceur in 
these metazoan cells, and that the coding 
which operates involves the formation of templat« 
single-strand KNA by the genetic activity of the 
duplex form of DNA. 


base 


system 


Genetic Coding in Unicellular Organisms 


The DNA and RNA of unicellular organisms have 
similar base-ratios for their symmetrical forms 
(Table 5). This is in complete contrast to the 
inversions characteristic of these nucleic acids in 
animal and plant cells (cf. Table 3). Where DNA 
from Tetrahymena®® has adenine plus thymine in 
excess of guanine plus cytosine, the symmetrical 
RNA from this protozoan is similarly weighted. 
Likewise, when guanine and cytosine are high, as in 
the DNA of Aerobacter aerogenes®, Escherichia coli* 
and Mycobacterium tuberculosis®', these bases predom- 
inate in the duplex RNA form. 

There are sound reasons for regarding base-ratios 
in Table 5 which have asymmetry factors of 12 and 
13 as single-stranded forms of the nucleie acid. The 
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RNA of Aerobacter aerogenes Was prepared by a 
series of fractionations in the presence of surface 
active agents®*. All the recent information on the 
ribosomes from Escherichia coli suggests that they 
contain active template RNA?®*.®.%. In the analysis 
of the base-ratios of RNA from the 308, 50S and 
70S ribosomes, Spahr and Tissiéres*® appear to have 
isolated the nucleie acid in its template form. 

When the different coding systems are tested, as 
in Table 6, with these base-ratios, it becomes obvious 
that the method of exchanging genetic information 
between DNA and RNA in some micro-organisms 1s 
entirely different from that operating in animal! 
and plant cells. The systems of Zubay and Sinsheimer 
(codes a and }, Table 2) are unmistakably eliminated 
by the data for unicellular organisms. Instead, the 
bacterial cells could employ either the duplex systems 
of Stent and Sinsheimer (codes c and d, Table 2) or 
the single-strand information exchange of Rich. 
The duplex forms of DNA and RNA‘in Mycobacterium 


APPLICATION OF CODING SCHEMES To DATA FOR KNA AND 
CELLS (TABLE 3) 


Table 4 
DNA BASE COMPOSITIONS OF METAZOAN 


sition 
bases) 


comy 
(number per 
Validity 
Ura- of 
Ade cil codet 
nine thy 
mine? 


Species and 


Determined 

Single-strand 
RNAS 

Duplex DNA 


Derived 
Zubay (a-d)' Duplex DNA 
Stent 
(1 code) 
Sinsheimer 
(a-b) 
(e-d) 


Rich 


(1 eode) 


Determined 

Single-strand 
RNA | 

Duplex DNA 


Rat 


Derived 
Zubay 
(a-d) 
Stent 
(1 code) 
Sinsheimer 
(a-b) 
(e-d) 


Duplex DNA 


valid 
Rich 
(1 eode) Not 
valid 
Pea Determined 
Single-strand 


RN 
Duplex DNA 


Derived 
Zubay 
(a-d) 
Stent 
(1 eode) 
Sinsheimer 
(a—b) 
(c-d) 


Duplex DNA Prob- 
able 
Not 
valid 
Possible | 
Not 
valid 
Rich 

(1 eode) Not 
valid 


* Ciphers for the four codes are shown in Table 2. 

* Thymine replaces uracil in DNA. 

t Rating system—ra/id if within 41 of base number in determined 
DNA; probable if +2 of base number; possible if within 4 4 of base 
number: not valid if the inverse of determined DNA. 

§ Application of the base composition obtained by method d (Table 3) 
leads to the same conclusions. 


| | 
| 
| 
| 
h 
| 
| 
| 
| 
| 
| 
30 20 = 
80-5 19-5 19-5 Valid 
30-5 | 49-5 | | Valid | 
19-5 195 Not 
valid 
| 
| 
| 
25 is 24 
| 
| 
190 19-0 | Prob 
| able | if 
190 | 19-0 | 31-0 | 31-0] Not 
valid 
31-5 | 31-5 | 18-5 | 18-5 Pos | 
| 
| 
| 
| 
| 
| 
< | | 
) 17 | 
| 
| 
| 
7 
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Table 5. Bask COMPOSITIONS AND ASYMMETRY FACTORS FOR SINGLE- 
STRAND AND DUPLEX Forms OF RNA AND DNA FROM UNICELLULAR 
ORGANISMS 


Base composition 
(number per 100 bases) 
\sym- 
metry 
Cyto- fac- 
sine tor? 


Nucleic acid Ura- 

Ade cil (iua- 

nine thy- nine 
mine® 


terohacter 
arrogenes 


Single-strand 
RNA 


Duplex RNA 
cak 


Duplex DNA 


Escher Single-strand 

chia coli RNA 
Duplex RNA 
cak 


Duplex DNA 21 


M yeobac 
terium 
tuber 
culoarad 


Duplex RNA 20 
Duplex DNA 18 


Duplex RNA 1 
Duplex DNA 7 


Tvtra- 
humenat 


» footnotes in Table 3. 
alert strand) by procedure shown in Fig, 
4No values for RNA (single-strand) available 


and Tetrahymena®* show that they 
probably adopt a similar coding system 

It is found that the compositions of DNA and 
RNA from a wide range of bacteria confirm in a 
general way these conclusions. Belozersky and 
Spirin®® noted that extremes in DNA composition 
(cf. Table 5) were accompanied by RNA of more 
uniform composition. This becomes understandable 
now that it is apparent that RNA must be isolated 
in either its single-strand or duplex form in order to 
reveal its correct base relationship to DNA. The 
correlation was, however, sufficiently good for the 
authors to suggest that “part at least of the ribo 
nucleic acid depends on the deoxyribonucleic acid, 
and that the two nucleic acids may even be similar 
with respect to their base compositions’’. Perhaps it 
can now be said that they are—-in their duplex forms. 


tuberculosis®™ 


Nature of Viral Nucleic Acid 


Single-strand nucleic acids are known to form the 
core of two viruses. They are the RNA of tobacco 
mosaic virus**.*? and the DNA of the small bacterio- 
phage ®X174, investigated by Sinsheimer**. Their 
asymmetrical base-ratios are shown in Table 7 
along with the compositions of other viruses and of 
the RNA or DNA of the host cells. Influenza’ and 
poliomyelitis’! viral RNA’s are seen to have similar 
base asymmetry to ‘single-strand’ RNA of the chick 
chorioallantoic cells”? and HLM cells. 

A fascinating relationship between the nucleic acids 
of virus and host cell was revealed when the duplex 
base-ratios were calculated from single-strand values. 
With animal, plant and bacterial viruses there was, 
in each case, a ‘cross-over’ in the pattern of bases in 
viral nucleic acid and host RNA or DNA (ef. Table 7). 
The precision of this inversion is particularly impres- 
sive with the viruses of tobacco leaf and Escherichia 
coli, (The similar relationship between polio virus 
Type I and influenza LEE (B) strain and host RNA 
is based on the assumption that these viruses also 
contain single-strand RNA.) 

It may be concluded that, for all the above viruses, 
the RNA or the DNA represents the ‘antithesis’ in 
base composition of the template nucleic acid of the 
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host cells. The ‘cross-over’ pattern also exists 
between the duplex DNA in certain viruses (for 
example, 72r and 77)** and the nucleic acids of the 
infected Escherichia coli as seen in Table 7. There is 
one puzzling exception, quite apart from the problems 
arising from these observations; the duplex base 
ratios of bacteriophage 73 are unique in having the 
same base-pattern as the DNA of Escherichia coli 
It is possible, however, that this aberration can be 
reconciled, since fraction IV of the bacterial DNA, 
isolated by column chromatography™*, has a base 
pattern which is the inverse of the viral DNA and 
of the total DNA of the cells (cf. Table 7) 


Possible Interpretations 


No attempt will be made in this article to explore 
the genetic consequences of these findings. They 
cover a wide range of knowledge, and time is needed 
for reflexion and discussion. For the present, it 
would seem that the relationships found to exist 
between DNA, RNA and the histones are more than 
fortuitous, and they suggest to me a number of 
concepts which may help to mako genetic processes 
understandable in biochemical terms. 

(1) The exchange of genetic information between 
DNA and RNA is carried out by one coding system 
in animal and plant somatic cells and by another in 
some unicellular organisms. 

(2) Such ambivalence of code might be provided 
by the Sinsheimer system, since two of its ciphers 
could operate in metazoan cells (Table 4) while the 
other two could operate in micro-organisms (Table 6) 
It is, therefore, not ‘indeterminate’, as Sinsheimet 
intended it to be®*. There are other conceptual 
reasons which make its ‘universality’ improbable. 
For example, it seems too insignificant a change im 


Table 6. APPLICATION OF CopInG SysteMs TO Data FoR RNA anp 
DNA BASE COMPOSITIONS OF UNICELLULAR ORGANISMS (TABLE 5) 


Base composition 
(number per 100 bases) 
Species and Validity 
eoding Ura- of 
systems® Ade- cil Gua- Cyto-| codet 
nine thy- nine sine 
mine? 


Determined 
{erobacter Single-strand 
aerogenes N 


RNA 
Duplex DNA 


Derived 
Duplex DNA! : 2 2 : Not 
valid 
Possible 


Zubay (a d) 
Stent 

(1 code) 
Sinsheimer 
(a-) 2 2% 23 Not 
valid 
Prob- 
able 
Possible 


(e-d) 
Rich (1 code) 


Determined 
Escherichia Single-strand 
RNA 


colt 


Duplex DNA 


Derived 
Zubay 
(a-d) 
Stent 
(1 code) 
Sinsheimer 
(a-b) 


Duplex DNA 


(e-d) 
Rich 
(1 eode) 


* t+ and t asin Table 


Species Ret ge 
No 
26 20 30 24 i2 62 
23 23 27 27 0 _ 
29 20 0 | 60 
i 
21 32 23 13 65 
21 20 29 0 
19 $1 29 3 61 
17 2 61 FS 
37 11 15 4 | 50 a 
le, 
Yous 
aL 
a 
26 20 30 
21 21 29 29 ae 
24 21 32 23 ae 
24 24 26 26 
27-5 | 27 | 22-5 | 22-5 | Not é 
valid 
22-5 | 22-5 | 27-5 | 27-5 | Prob- id} 
able 
28-0 | 28°0 | 22:0 | 22-0 | Not 
valid 
22-0 | 220 28-0 | 28-0 | Possible 
22-5 | 22-5 | 27-5 | 27-5 | Prob- Re 
able 
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KASE COMPOSITIONS AND ASYMMETRY FACTORS FOR SINGLE- 
VIRUSES AND 


STRAND AND DUPLEX Forms OF RNA AND DNA FRoM 
THEIR Host CELLS 


Base Composition 
(number per 100 bases) 
(\sym- 
Nucleic 
acid 


Ura- 
Ade- cil 
nine thy- 

miine 


Cyto 
sine 


(iua- 
nine 


Single-strand 


Duplex 
RNA-cak 
Single-strand 


NA 


hor 
em 
biame 
ehiekK) 


KNA-cak 
Single-strand 

DNA 
Duplex 

DNA-cak 


Duplex DNA 
Duplex DNA 
Duplex DNA 
Duplex DNA 
Duplex DNA 
(IV)t 


chia coli 


* As detined in Tabl Includes 5-methyleytosine 


f. 74) 


the evolution from asexual life 
and nature of higher 


coding to account for 
to the multicellular 
organisms. 

(3) Zubay devised his coding system to account 
for inversion of the base ratios for DNA and RNA 
The inversion is confirmed for their 


sexual 


in animal nuclei 
symmetrical forms, and it is seen that four stereo- 
chemical arrangements of the Zubay system could 
function in animal and plant cells (Table 4). Zubay”® 
has himself provided reasons for rejecting the code, 
but its observed validity im metazoan 
leads one to suggest that mating genomes or paired 

produce single-strand template RNA 
three-dimensional nucleohistone com 


cells 
chromatids”* 
within a 
plex’? 7s 

(4) 


The systems of Stent®? and Rich®® are valid 
for micro-organisms, and the Zubay code is definitely 


eliminated (Table 6). There are stereochemical 
grounds for rejecting the use of double-strand DNA 
templates, proposed by Stent (cf. ref. 55). Thus, 
single-strand coding between DNA and RNA is more 
likely to be associated with unicellular organisms and 
short generation times, whereas, in metazoan cells, 
double-strand coding by a Zubay cipher is associated 
with diploid and polyploid cells and longer generation 
times. 

(5) It may through 
coding, to reconcile the co-existence of wide differences 


be possible, single-strand 
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in DNA composition in certain micro-organisms (cf. 
ref. 79) with the known similarity of their protein, as 
both the DNA strands are theoretically able to 
act as the genetic templates. There is the interesting 
contrast that the DNA base ratios of animals and 
plants are remarkably uniform?!.*°. 

(6) The presence in histone-like 
proteins which are latent ribonucleases (and possibly 
deoxvribonucleases**) may provide a 
for protecting template while suppressing 
‘free of different base composition. In 
particular, this selective action could prevent 
complementary polynucleotide from achieving any 
permanence. 

(7) Three distinct histone fractions with ribo 
nuclease activity are found in the nuclei of human 
and guinea pig cells, while there are only twe in the 


ribosomes of 


mechanism 


cytoplasmic ribosomes. It seems possible that certain 
nuclear suppress RNA template function 
and thereby the differentiation of 
higher organisms, as originally proposed by Stedman 
and Stedman. 

(8) Virus nucleic acids in their duplex forms are 
usually found to have base compositions which are 
the ‘antithesis’ of the corresponding nucleic acids of 
the host cells. This property may give them immunity 
to most of the depolymerases of the host cells, 
while, at the same time, ensuring their replication by 
association with a particular histone in the host cell 
It may be significant that the RNA viruses so far 
detected only infect animal and plant cells, in which 
the DNA is always linked to histone, in contrast to 
the reported absence of the histone moiety m bacterial 
cells*!,*, 

(9) Reeently, the 
RNA (Sanders, F. K., 
first synthesized within the nuclei of the host cells 
suggests that it may find there ‘activating’ histones 


histones 


control cells in 


that animal viral 


personal communication) is 


discov ery 


and possibly replicate by single-strand coding through 
a DNA template as suggested by Rich®. 
it is significant that, when DNA bacteriophages infect 
Escherichia coli, an RNA distinct from host cell RNA 
and similar to phage DNA*** is formed before any 
DNA of the progeny can be detected. 

The contributions of R. Hayward, J. J. Childs, 
S. J. Martin and Miss D. M. MeMaster in these 
investigations are greatly appreciated. The technical 
help of J. Monaghan and P. MeParland has 
most valuable. In the preparation of this manuscript, 
helpful discussions with Prof. D. C. Harrison, Mr. R 
Hayward, Mr. 8S. J. Martin, Dr. J. Paul and Prof 
G. Pontecorvo are gladly acknowledged 
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Conversely 


heen 


Note added in Yéas and Vincent*® have 
compared the specific activities of the 2’,3’ and 5 
forms of RNA extracted 
from yeast cells with boiling 2 .M sodium chloride. 
The pattern of asymmetry of labelling with phos 
phorus-32 in both forms of nucleotides is in general 
similar to the pattern observed in the 2’,3’-nucleotides 
from nuclear and ribosomal RNA of HLM cells at 
short labelling Analysis of their results 
leads the authors to conclude that there is, in their 
material, a small fraction of RNA with a high rate 
of turnover which is closely similar in base composition 
to that of yeast DNA. Their suggestion that this 
RNA might be a primary gene product is compatible 
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with its formation by the Rich®* or Stent** 

systems for RNA template formation. 

* Avery O. T., MacLeod, C. M., and McCarty, M., J. Exp. Med., 79, 
137 (1044). 

* Hershey, A. D., and Chase, M., J. Gen. Physiol., 36, 39 (1952) 

* Watson, J. D., and Crick, F. H. C., Nature, 171, 737 (1953). 

* Meselson, M., and Stahl, F. W., Proc. U.S. Nat. Acad, Sci., 44, 671 
(1055). 

* Levinthal, C., Proe. U.S. Nat. Acad, Sci., 42, 394 (1956). 

* Teugita, A., and Fraenkel-Conrat, H., Proe. U.S. Nat. 
46, 636 (1960). 

Brachet, J., Arch. Biol., 8, 207 (1941). 

* Caspersson, T., Naturwiss., 28, 33 (1941). 

* Hoagland, M. B., Biochim. Biophys. Acta, 16, 285 (1955). 

‘* Hoagland, M. B., Zameenik, P. C., and Stephenson, M. L., Biochim. 
Biophys. Acta, 24, 215 (1957). 

' Hoagland, M. B., Stephenson, M. L., Scott, J. F., Hecht, L. I 
Zamecnik, P. C., J. Biol. Chem., 231, 241 (1958). 

* Crick, F. H. C., Symp. Soe. Exp. Biol., 12, 138 (1958). 

* Crick, F. H. C., Gritfith, J. and Orgel, L. E., Proce. 
icad. Sci., 43, 416 (1957). 

* Hoagland, M. B., Brookhaven Symp. Biol., 12, 40 (1959) 

* Marshak, A., Soc. Erp. Biol. Symp., 12, 205 (1959) 

* Plaut, W., Ann. N.Y. Acad, Sci., 78, 623 (1959). 


coding 


iead, Sei 


and 


? Goldstein, L., and Micou, J., J. Biophys. Biochem. Cytol., 6, 1 (195%), 


Vature, 184, 36 (1959). 

* Leslie, I., Fulton, W. C., and Sinclair, R., Nature, 

** Hayward, R., and Leslie, I, (in preparation). 

‘ Chargaff, E., “The Harvey Lectures”, 57 (1956-57). 

* Siekevitz, P., and Palade, G. E., J. Biophys. Biochem, Cytol., 5, 1 
(1959) 

* Goldthwait, D. A., J. Biol. Chem., 234, 3245 (1959). 

* Goldthwait, D. A., J. Biol. Chem., 234, 3251 (1959). 

*Lamborg, M. R., and Zamecnik, P. C., Biochem. Biophys 
206 (1960) 

‘* Woods, P. 8., Brookhaven Symp. Biol., 12, 40 (1959). 

Goldstein, L.. and Micou, J., J. Biophys. Biochem. ( ytol., 6, 1 (1959) 

* Kidinoff, M. L., and Rich, M. A., Cancer Res., 19, 521 (1959). 

* Davidson, J. N., “The Biochemistry of the Nucleic Acids” (Methuen 
and Co. Ltd., London, 1960). 

** Williams, A. M., and LePage, . 

* Hecht, L. 1., and Potter, V. R., 

* Stedman, E., and Stedman, E., 
(1951). 

" Cruft, H. J., Mauritzen, C. M., and Stedman, E., 
(1954) 

“ T’so, P. O. P., Bonner, T., and Dintzis, H., Arch. Biochem. Biophys 
76, 225 (1958). 

* Crampton, C. F., 
(1959) 

** Butler, J. A. V., 
38, 386 (1060). 

*? Zubay, G., and Wilkins, M. H. F., J. Mol. Biol., 2, 105 ¢ 

* Ui, N., Biochim. Biophys. Acta, 25, 493 (1957). 

* Davison, P. F., Biochem. J., 66, 708 (1957). 

* Vendrely, R., Knobloch, A., and Matsudaira, H. 
(1968). 


Kit, S., 


Acta, 42 


4., Cancer Res., 18, 548 (1958). 
Cancer Res., 16, 099 (1956) 
Phil. Trans, Roy. Soc., 235, 565 


Vature, 174, 580 
Chem., 234 


and Petermann, M. L., J. Biol 2642 


Cohn, P., and Simson, P., Biochim. Biophys, Acta, 


Nature 


181. 345 


NATURE 


78, 1179 (1956). 


January 28, 1961 


*! Elson, D., Biochim. Biophys. Acta, 27, 216 (1958). 

*? Tashiro, Y., J. Biochem. (Japan), 45, 937 (1958). 

Dickman, 8. R., and Morrile, G. A., Ann, N.¥. Acad, Sei., 81, 
(1959) 

* Leslie, L., Childs, J. J., and Martin, 5. J. (in preparation). 

‘* Maver, M. E., and Greco, A. E., J. Nat. Canc, Inst., 17, 503 (1956 
** Roth, J. S., J. Biol. Chem., 208, 181 (1954). 

*? Roth, J. S., J. Biophys. Biochem. Cytol., 7, 443 (1960). 

** Elson, D., Biochim. Biophys. Acta, 36, 372 (1959). 

* Roth, J. Ann. N.Y. Acad, Sci., 81, 611 (1959). 

* Hilmoe, R. J., Ann. N.Y. Acad. Sci., 81, 660 (1959). 

' Dunn, D. B., Biochim. Biophys. Acta, 34, 236 (1959). 

* Stent, G. 8S., Advances Virus Rea., 5, 95 (1958). 

* Hotchkiss, R. D., Soe. Exp. Biol. Symp., 12, 49 (1958). 

*Zubay, G., Nature, 182, 112 (1958). 

Rich, A., Ann. N.Y. Acad, Sei,, 81, 709 (1 

* Sinsheimer, R. L., J. Mol, Biol., 1, 218 (1959). 

* Elson, D., and Chargaff, E., Biochim. Biophys. Acta, 17, 367 

* Heyes, J. K., Proce. Roy. Soc., B, 152, 215 (1960). 

* Scherbaum, O., Exp. Cell. Res., 18, 24 (1957). 

*® Belozersky, A. N., and Spirin, A. 8., Nature, 182, 111 (1958) 

‘Tsumita, T., and Chargaff, E., Biochim. Biophys. Acta, 29 
(1958)° 

** Jones, A. S., Marsh, G. 
17, 586 (1957). 

* Huxley, H. E., and Zubay, G., J. Mol. Biol., 

“ Kurland, C. G., J. Mol. Biol., 2, 33 (1960). 

** Spahr, P. F., and Tissiéres, A., J. Mol. Biol., 1, 237 (1959) 

* Franklin, R. E., Nature, 177, 929 (1956). 

*’ Ginoza, W., Nature, 181, 958 (195s). 

** Sinsheimer, R. L., J. Mol. Biol., 1, 43 0 

** Reddi, K. K., Biochim. Biophys. Acta, 23, 205 (1057) 

* Ada, G. L., “The Nature of Viruses”’ (Ciba Foundation, ed 
holme, G. E. W., and Millar, E. C. P., Churchill Ltd 
1957). 

* Ackermann, W. W.., 
(1959). 

? Rafelson, M. E., Arch. Biochem. Biophys., 90, 68 (1060). 

* Evans, E. A., Jr., “The Viruses’’, 1, 459 (Academic Press Inc., 195 

* Brown, G. L., and Brown, A. V., Soe. Erp. Biol. Symp., 12. ¢ 
(1958). 

Zubay,. G., Nature, 182, 1290 (1958). 

* Ris, H., “The Chemical Basis of Heredity’, edit. McElroy, W. D 
and Glass, B., 23 (Johns Hopkins Press, Baltimore, 1957). 

? Luzzati, V., and Nicolaieff, A., J. Mol. Biol., 1, 127 (1959). 

* Wilkins, M. H. F., and Zubay, G., J. Mol. Biol., 1, 179 (1959) 

* Sueoka, N., Marmur, J., and Doty, P., Nature, 183, 1429 (1950 

** Leslie, I., In the Biochemists’ Handbook (in the press) 

' Zubay, G., and Watson, M., J. Biophys. Biochem. Cytol., §, 51 (1959 

Wilkins, M. H. F., and Zubay,. G., J. Biophys. Biochem. Cutol., §, 5° 
(1959). 

” Astrachan, L., 
(1958). 

** Nomura, M., 
(1960). 


M., 
(1960) 


959). 


E., and Rizvi, 8. B. H., J Microhio 


Gen. 


2, 10 (1960) 


Wolsten 
London 


Loh, P. C., and Payne, F. E., Virology, 7, 17! 


and Volkin, E., Biochim. Biophys. Acta, 29, 5xt 


Hall, D., Mol. Biol., 2, 30 


and Spiegelman, S., J 


and Vineent, W. S., Proe. U.S. Nat. Acad, Sci., 46. 


A TRANSATLANTIC COMMUNICATION EXPERIMENT VIA 
ECHO | SATELLITE 


By H. CARRU, R. GENDRIN and M. REYSSAT 


Centre National d'Etudes des Télécommunications, Département Communications et Détection Spatiales, 
Issy-les-Moulineaux (Seine) 


FRESHE Echo I satellite, launched on August 12, 1960, 

| by the National Aeronautics and Space Adminis- 
tration of the United States, was originally a sphere 
100 ft. in diameter, coated with vapour-deposited 
aluminium to provide radio wave reflectivity of 98 


per cent up to frequencies of 4,000 Me./s. The pur- 
poses of the experiment were, first, to check various 
systems of modulation for ‘passive’ communications, 
and, second, to investigate scintillations (which arise 
in the actual process of reflexion from the satellite), 
Faraday rotation, fading and polarization 


The experiment that we describe here involved 
communication using continuous wave transmissions 
only; it was performed on August 18 between 
Holmdel (New Jersey) and _Issy-les-Moulineaux 
(France). <A few days later a modulated signal was 
received at Jodrell Bank (Great Britain) with the 
big antenna. 

A description of the equipment used by us is given 
elsewhere'*?. We shall give only the numerical 
characteristics of each component. The parabolic 
antenna (3-3 m. diameter) is not steerable automatic. 


. 
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Fig. Amplitude. 
so it Was pointed to some definite direction 
pass. A flexible air-dielectric cable 
100 ft. in length, 1-6 db. loss) was used to join the 
intenna to the parametric amplifier. The latter was 
operating in the degenerate mode, and gave an over-all 
receiver noise figure (measured with respect to 290 
K.) less than 5 db. After mixing, the signal is fed to 
t phase-lock receiver?* which reduces the effective 
hand-width to about 20 e./s., but nevertheless is able 
to track variations of frequency produced by the 
Doppler effect. The threshold of the lock-in system is 
7 db. above noise-level. 

It is now easy to compute the power at amplifier 
nput corresponding to the weakest signal which can 
We have: 
ATB 


Noise 
Threshold 


ally, 
hefore each 


be reeorded. 
161 dbm 


figure 5 db 
7 db 


Total 149 dbm 

This was in fact the figure measured with a cali 
brated signal generator (see Fig. 1). 

Now we must compute the expected power I 
available at the focus of the antenna. This power is 
ziven by the following equation : 

PeGedDs? | 7A 

16l,? 
in which Pg, transmitter power, is 9 x 10° W.; Gz, gain 
of the transmitting antenna pete tate is 44 db. ; ,, 
distance between satellite and transmitter, is 4,000 
km. ;l,, distance between satellite and receiver, is 3,300 
km.: Ds, satellite diameter, is 30-5 m.; A, area of 
receiving antenna, is 8-55 m.*; 7, receiving antenna 
efficiency, is 0:47. With these data, equation (1) 


wives : 


(1) 


136 dbm. 


However, three additional facts must be taken into 
account. First, the transmitted polarization was 
cireular, whereas our primary feed was linearly 
polarized, thus losing 3 db. Secondly, the transmitter 
receiver angle was 81°, which is very near 
the value 90° for which the scattering coefficient is 
reduced by 1:3 db. compared with the isotropic 
ease* (for which we have assumed a cross-section of 
—~D<?/4 rather than Ds? as is assumed in ref. 4) 
Finally, we have to subtract the 1-6 db. loss of the 
cable. 

Thus the maximum available power 
fier Imput is : 


satellite 


at the ampli 


P max. 42 dbin. 


The difference between and is only 
7 db., and, due to the great number of variables on 
which it depends, this very narrow margin can explain 
why, among the twelve trials that we made, only one 
was completely successful. 


Results 
In this particular trial, the antenna axis had an 


elevation of 15 1° and an azimuth of 277° + 1 


The three 
frequeney tracking 


The smooth curve is the theoretical one. 


troughs in the record are produced by errors in 


(north to east). The signal was received for 1 min., 
from 3h. 32m. 56s. to_ 3h. 33m. 56s. u.T. This 
duration was about half what was hoped for, the 
discrepancy being due to instrumental difficulties 
Because of the difference between the actual frequency 
of the transmitter (~ 960-045 Me./s.) and the value 
originally announced (960-050 Me./s.), we wasted time 
looking for the signal around a false frequency. 

The amplitude recording is given in Fig. 1. Noise is 
superposed above the monotonically decreasing 
signal. The lock-in system fell out of lock three times, 
and this fact explains the three troughs in the 
record. 

Simultaneously, the frequency was printed every 
2 sec. ; Fig. 2 gives the plotted results. The stability 
of our frequency standard was better than | part in 
10° a day. 


Comparisons 


(a) Orbital parameters. In order to make some 
comparison with the theoretical prediction, we have 
computed the position, distance, and Doppler effect 
from 3h. 30m. to 3h. 35m. We assumed a Keplerian 
orbit, with both the right ascension of the ascending 
node and the argument of the perigee varying 
linearly with time. Orbital parameters were taken 
from the Space Track Bulletins, the accuracy of which 
was very poor in the early part of the life of Hecho I. 
(For example, the time of nodal crossing for revolu 
tion No. 70, given in Bulletin 3, was 3h. 00m. 


(<./s.) 


(Mc./s 


— RECEIVED FREQUENCY 
CALCULATED DOPPLER SHIFT 


| | 
} + 2800. 
3h33m ——UNIVERSAL TIME 3n34 m 


Frequency. Only the measured points are ~~. 
comparison with the theoretical curve, see Fig. * 


Fig. 2. 


+ -136 dbm. 
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DIFFERENCE 


FREQUENCY 


UNIVERSAL TIME 


received frequency and the cal- 
three possible values of the time of 
ence is equal to the frequency of the 
good stability, we must 
060 045053 Me /s. 


Fig. 3 Difference between the 
culated Doppler shift, for 
mxial crossing. This differ 
transmitter If this one had 
t ts and therefore 


extrapolation from 
$is., and the actual 
as will be 


the same time, computed by 
Bulletin 4, was t’, 3h. 00m. 
time was f, 3h. 00m. 27s. 

below.) We used for our computations the value 
‘’,, and corrected it, after the event, so as to obtain 
the best fit between the experimental and theoretical 
curves ; this parameter is the most important one, 
since, for a duration of 5 min., the others give only a 


correction of a higher order. 

The correction was made by two independent 
methods. The first method consists in comparing 
the computed Doppler curve with the observed one, 
and in seeking the time-shift that gives the best fit 
between them. Fig. 3 shows the difference between 
observed frequency and caleulated Doppler shift for 
three possible values of ty fy, namely, 2s., 4s. and 
ts. We see that the values of 2s. and 6s. both imply 
drift of the transmitter frequency, 
min. If, as we suppose, the 
had in facet stability 
must choose to 


a considerable 
of the order of 4 
transmitter frequency 
better than 10 * a dav), we 

The second method consists in computing azimuth 
and elevation for the revolutions 7 55, 56, 57, SO, 
81, 82, and in comparing them with the optical data 
(kindly communicated by Prof. P. Muller) for these 
weather prevented Prof. Muller 


Cc./8. 


good 


revolutions ; cloudy 
from observing on the particular night of our experi- 
ment. 

For each revolution the curves fit 
} ) provided we suppose that there is a difference 
between the chosen time ¢’, and the actual one (¢,) 
The differences ¢(', — t, are plotted with respect to 
» in Fig. 4. A parabola drawn through the six points 
on this plot gives also t’, $8. 4s. A parabola is 
involved because not only was an erroneous value 
chosen for the nodal period, but also this period 
was assumed to remain constant, whereas in fact it 


well (within 


decreased with increasing time. 

(b) Frequency curve. From the best fit of the two 
Doppler curves, we are able to compute the trans- 
mitted frequency : 
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960 045 053 ©. s. 


can be 
» 


The error Af, in our measurement of f, 
calculated by assuming a maximum error Af, 
in the time of nodal crossing. The slope of the 
frequency curve being about 1,050 ¢.'s./min., the result 
ing Af, is 35 ¢./s. as we can also see on Fig. 3, to 
which we must add the error of our frequency stand 


sec. 


ard, so that 
45 cos. 


Examination of the points on Fig. 3 shows that thei 
scatter is less than 4 ¢./s., and imereases when the 
signal strength decreases (see also Fig. 1); this is a 
property of the phase-lock system. When compared 
with the seatter generally obtained in measurements 
of the frequency of satellite-borne oscillators', the 
present superiority of ground-located transmitters is 
obvious. 

(ce) Amplitude Now, we turn 
attention to the amplitude recording. First the 
maximum strength of the received signals is 142 
that is, it is very close to the predicted strength 
1 db., which was the limit of accuracy of the 
Thus the reflexion seems to occur as in 
this implies a good sphericity 


recording. will our 


dbm., 
(within 
calibration). 
the idealized case ; 
of the balloon and no significant deterioration of th: 
coating 

Secondly, the decreasing strength of the 
fully explained by the passage of Echo I through the 
reception pattern of the antenna, thus excluding large 
fading of period less than This can be 
shown by computing azimuth elevation and 
drawing the path as the satellite crosses the antenna 
pattern (Fig. 5). From this curve, we can deduce, with 
respect to time, the theoretical strength of the signal, 
and compare it with the experimental one; we do 
not make any allowance for the variation of 7, and /,, 
since their squared product has a negligible variation 
during | min. (< 0-2 db.). The best fit (smooth 
curve of Fig. 1) is obtained when we suppose not only 
that ft, . 4s., but also that our antenna beam 
was pointed towards / (Fig. 5) rather than towards 
A. This remains well within the accuracy of l 
(A change from A to C would not affeet very much 
the shape of the curve.) 


signal is 


~ | min 


and 


r 


+ 20 


TIME DIFFERENCE 


60 7° 


NUMBER 


REVOLUTION 


tn between times of nodal crossing (f'» is 


Difference t'» 

computed time; ¢» is actual time), as deduced by comparing 

the theoretical calculations and optical measurements of the 

variations of azimuth with time. From this we conclude that 
for the seventieth revolution, ty 4s. 


Fig. 4. 
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ELEVATION 


282 


AZIMUTH 
Fig. 5. Crossing of the antenna beam by Echo 1 (points every 
1) sec.) i is the theoretical beam axts B is the beam &Xts 
viving the best agreement with the exp rimental amplitude 
record. (The great circles are to be shifted in the same manne r) 


Fig. 5 also shows that. if we had had a receiving an- 
tenna with a beam Ww idth of 1° (as for the transmitting 
at Holmdel), an error of tracking of §° in 
angle, or of 5s. would have given @ loss of 
3 db because of lack of tracking 


accuracy, were found by another observer®.) 


antenna 
in time, 


(Losses of 5 db., 


Conclusion 

many others, has proved 
in particular, it 
is good, 


This experiment, among 
the of the Echo I project; 
showed that the reflectivity of the coating 
and that the received signals are free from rapid 
fading 


success 
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We have also seen the necessity of a big steerable 
antenna, in order not only to have better gain (say, 
10 db. more), but also to avail oneself of the low 
temperature of the sky. But the beam-width of the 
antenna must not be too small, unless very good means 
of tracking are available. 

From the point of view of communicat ions, we must 
pay attention to the very unfavourable power balance 
in the use of a passive satellite ; even with elaborate 
equipments, the band-width capabilities are limited 
to a few voice channels. But the simplicity of the 
balloon, together with the value of the many scientific 
results obtained with Echo I, argue for more elaborat¢ 
tests of this kind. 

Thanks are expressed to the National Acronautics 
and Space Administration, which gave us much infor- 
mation, and to the Bell Telephone Laboratories, which 
supplied the transmissions to the balloon at the time 
when it was visible from both Europe and America. 

We are indebted to Prof. P. Muller of Meudon 
Observatory for his opt ical observations, to Mrs. 
Epfelbaum for her constant help in the com 
putations, and to the Direction Etudes et 
Fabrications d’Armements for the loan of an 
electronic computer. 
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OBITUARIES 


Prof. J. S. Rankin 

RANKIN, Freeland 
in the Royal College of Science 
died on November 16 m 


Dr. James 35. professor ot 
natural philosophy 
and Technology, Glasgow, 
his sixty-seventh year. 

Dr. Rankin joined the staff of the Natural Phil- 
osophy Department of the College in 1919, after a 
few years of post graduate experience im industry, 
and except for the period 1943-45, when he was 
aeconded to the University of Istanbul to occupy the 
chair of theoretical mechanics, his service to the 
College remained unbroken. He was appointed to 
the Freeland chair m 1942, and under his leadership 
the Department was 4 most stimulating place im 
which to work. His research imterests extended over 
a wide field, his most notable work being concerned 
with the phenomenon of magnetostriction and, in 
particular, with attempting to explain the changes in 
the magnetost riction of steel resulting from various 
legrees of tens le over-straim. 

Ono of his greatest achievements lay in the develop- 
ment of his course leading to the associateship of the 
College in applied physics. None of his predecessors had 
thought of the Department as other than an ancillary 
one for the engimeerme¢ and other applied science 
eourses in the College. In 1947 he set about his task 
of building up @ school of applied physics which would 
the higher aspects of 


have a recognized place im 
of his vision and 


technology. It was characteristic 
determination that he succeeded, and young graduates 


from his school are now helping to bridge the gap 


that exists im industry between the ‘pure’ physicist 
and the engimecr. 

Among his other activities he was a governor of 
the West of Scotland Agricultural College, a member 
of the Vice-Chancellors’ Committee on Hungarian 
Students and an ex-chairman of the Scottish Branch 
of the Institute of Physics and the Physical Society. 

He had great gifts which he put to fine use m the 
service of the College. A devoted teacher, he will 
long be remembered by generations of students who 
came to know the warmth of his friendship. 

J. W. SHARPE 


Mr. E. C. Fieller 


EpGar CHARLES FIELLER, officer-in-charge of the 
Statistical Advisory Unit of the War Office, died 
suddenly on December 1. He was fifty-three years 
ot age. 

A prominent member of the Royal Statistical 
Society, he had served as a vice-president, several 
terms as a member of Council, as secretary, then 
chairman of the Research Section, and as a member 
of several committees. In 1960 the Society honoured 
him by the award of the Guy Medal in silver. He 


was for four years secretary of the British Region of 


the Biometric Society. 

As a young man, after taking the Mathematical 
Tripos as a scholar of King’s College, Cambridge, he 
was for a time & member of Prof. Karl Pearson’s 
staff. This began an association with the School of 
Statistics at University College, London, which was 
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renewed in later years through his membership of the 
University board of studies and by his appointment 
a8 an examiner 

His subsequent experience with Messrs. Boots led 
him into the fields of market research and bioassay, in 
which he made several original contributions ; one 
of these, a method for obtaining confidence limits 
for a ratio, is now well known as Fieller’s Theorem. 

Fieller served during the Second World War in the 
Operational Research Group of Fighter Command, 
R.A.F., part of the time as deputy to the officer-in- 
charge. After the War he joined the National 
Physical Laboratory in charge of the Statistics Group 
of the newly formed Mathematics Division. Ths 
Group was eventually transferred to the Ministry of 
Supply and, on the dissolution of that Ministry, to 
the War Office. 

While on leave of absence from the Ministry of 
Supply, he fulfilled an assignment in Turkey for the 
Food and Agriculture Organization of the United 
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Nations. There he conducted a training course in 
sampling methods which enabled a national survey 
to be made. He made many friends in Turkey, and 
his work there will have lasting effect. 

In later years, when Fieller became a member of 
the International Statistical Institute, he made a 
particular point of seeking the acquaintance of the 
mathematical statisticians of other countries. These 
personal friendships must have made a considerable 
contribution to international understanding. 

Fieller’s published work of earlier years on prob 
ability problems and on bioassay was supplemented 
later by a paper on fiducial limits ; in this, with his 
usual caution, he pointed out the consequences and 
paradoxes of a theory while reserving judgment on 
controversial points. 

The pleasure he took in social contacts, his under 
standing of others and his fund of anecdotes, mad 
him a good companion who will be missed in many 


places. E. D. van REst 


NEWS and VIEWS 


British Museum (Natural 
History) : Dr. W. E. China, C.B.E. 


Dr. W. E. Cuina, who retires from h’'s post as 
keoper of the Department of Entomology in the 
British Museum (Natural History) at the end of 
January, is a world authority on the insect order 
Hemiptera. During his thirty-nine years of service 
on the staff of the Department he has published more 
than two hundred papers on the structure, taxonomy, 
evolution and zoo-geographical distribution of this 
group of insects. After his retirement he intends to 
return to ths work, which his administrative duties 
as keeper have interrupted. He became deputy 
keeper in 1945 and was largely responsible, under the 
keeper, Mr. N. D. Riley, for the rehabilitation of the 
Department of Entomology after the war-time bomb- 
ing and the return of the National collection of insects, 
much of which had been evacuated. On the comple- 
tion of the new building in 1951 he was concerned with 
the keeper in organizing the re-allocation of the entire 
entomological collection. He was appointed keeper 
in 1955. Dr. China is a foreign member of the 
Societas pro Fauna et Flora Fennica and correspond- 
ing member of the Société Entomologique d’Egypte. 
In 1959, he was appointed assistant secretary of the 
Zoological Nomen- 


Entomology at the 


International Commission on 


clature. 


Engine Research, Ministry of Aviation : 
Mr. Peter Lloyd, C.B.E. 


Mr. Peter Lioyp has been appointed director 
general engine research and development, Ministry 
of Aviation, in succession to Mr. R. H. Weir, who is 
now director of the National Gas Turbine Establish- 
ment, Pyestock. Born in 1907, Mr. Lloyd went from 
Greshams School, Holt, to Trinity College, Cambridge, 
in 1925, where he took the Natural Science Tripos, 
Parts 1 and 2 (chemistry). After a year’s research 
under Dr. (now Sir) Eric Rideal and a year in 
the German chemical industry, he was with the 
Gas Light and Coke Co. from 1931 until 1940 in 
charge of research on the industrial utilization of gas. 
In 1940 he joined the Royal Aircraft Establishment 


working first for Prof. G. 'T. R. Hill in the Air Detence 
Department at Exeter, and then in 1941 under Hayne 
Constant and W. R. Hawthorne in the turbine division 
of the Engine Department. With that tear he trans 
ferred to Power Jets, Research and Development, 
Ktd., at Pyestock, in 1944, and soon after that body 
became the National Gas Turbine Establishment he 
became a deputy director. Dur.ng the first part of 
th's period hs work was mainly concerned with com 
bustion researches including studies of spontaneous 
ignition characteristics at high temperatures and the 
evaporation and burning character.stics of liquid fuel 
drops in high-speed air streams. Latterly he assumed 
a more general responsibility for Pyestock’s research 
on aerodynamic, mechanical and metallurgical pro 
blems. Following two visits to Australia in connexion 
with the work of the Commonwealth Advisory 
Aeronautical Research Council, he was posted to 
Australia in 1960 as temporary head of the Ministry 
of Aviation Steff, during the period of recent negotia 
tion with the Australian Government on space 
research. Peter Lloyd is a mountaineer who has 
taken part in three Himalayan expeditions, including 
the 1938 attempt on Everest, in the course of which 
he made the first comparative trial between open- 
and closed-circuit equipments. As a member of the 
Himalayan Joint Committee of the Alpine Club and 
the Royal Geographical Society he was closely con- 
cerned with the assaults on Everest, being responsible 
for the provision of the oxygen equipment used in the 
successful assault. 


Monsanto Chemicals, Ltd. : Senior Scientist 


Dr. I. 8. Wrison has been appointed senior scientist 
to Monsanto Chemicals, Ltd. This appointment is 
part of a Monsanto scheme under which outstanding 
scientists on the company’s staff may receive proper 
recognition of their status while continuing to 
specialize in scientific or technical work rather than 
accepting increased administrative respons bility 
In his new capacity Dr. Wilson will be free to devote 
his whole time to research on effluent treatment 


and the microbiological breakdown of organic 
compounds. 
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The Leopoldina German Academy of Sciences : 
Electicns 
THE Deutsche Akademie der Naturforscher 
poldina, Halle, recently elected the following new 
members, in the indicated : Mathematics, 
Prof. Emil Artin (Hamburg); Prof. I. R. Safarevie 
(Moscow); Prof. B. L. van der Waerden (Zurich). 
Pathology and Anatomy, Prof. Gunter Bruns (Halle) ; 
Prof. Hermann Chiari (Vienna); Prof. Wilhelm E. 
Ehrich (Philadelphia); Prof. Andreas Werthemann 
(Basle). General Biology, Prof. Th. Dobzhansky 
(New York); Prof. Ake Gustafsson (Stockholm) ; 
Prof. Herman J. Muller (Bloomington); Prof. I. I. 
Schmalhausen (Moscow) ; Prof. Straub 
(Cologne). Zoology. Prof. Robert (Frank- 
furt on Main). 


Leo- 


sections 


Josef 
Mertens 


Indian Institute of Science : Golden Jubilee 


Ow glancing through the Golden Jubilee Research 
Volume of the Indian Institute of Science (Bangalore, 
India, 1959), one is agreeably impressed by the 
diversity and range of scientific endeavour in India. 
As one would expect in a country developing its 
technology, applied science is given certain emphasis. 
There are articles on mineral flotation and extraction, 
turbomachines, silkworm nutrition, alloys, electronics 
research, soil fungi and concrete curing. But in more 
fundamental areas, too, research has been contributed 
—organic chemical syntheses, chemical kinetic 
investigations, derivation of expressions for compres- 
sible fluid-flow in the presence of magnetic fiolds, 
Hermite orthogonal functions and so forth. Science 
in India appears to have a character of its own— 
somewhat refreshing in this world of fading individu- 
ality. One article, for example, describes research on 
an Ayurvedic medicinal preparation called ‘draks- 
hasava’. This fermentation product has been of wide 
popularity in the country for a long time. It is 
claimed to cure a range of maladies like indigestion, 
cholic, imsomnia, loss of appetite, phthisis and 
‘excessive debility’. An elegant microbiological 
evaluation of the drug was carried out. It was found 
only to support the growth of the micro-organism, 
Saccharomyces cerevisiae. Also, addition of vitamins 
and amino-acids did not stimulate growth. Except 
for sugars and trace elements, the drug did not contain 
essential growth factors—its only tonic effect appeared 
to be due to its alcoholic content. Pharmacological 
examination would be required to reveal the presence 
of very small quantities of ingredients which do cause 
the healing properties claimed. Nevertheless, estab- 
lishing the use of microbiological technique in this 
way does provide scope for probing into these age-old 
medicines and disclosing their mysteries. 


Mathematics in South Asia 


THE report of the Second Conference on Mathe- 
matical Education in South Asia, held at Bombay 
in January 1960, has now been issued (Pp. xxiii + 205 ; 
Tata Institute of Fundamental Research, Bombay ; 
September 1960). Prof. Chandrasekharan, of the Tata 
Institute, presided over the Conference, and in his 
presidential address he urged the Conference not to 
think entirely of technical problems but to remember 
also that the great need in South Asia is the con- 
struction of a sociul and educational environment 
conducive to the growth of creative scholarship. 
In the report, the invited addresses aro published 
in full, and the proceedings of the working parties are 
summarized. The accounts of the progress of matho- 
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matical education in Malaya, Indonesia, Thailand, 
Pakistan and Ceylon show what efforts have been 
made to implement the suggestions put forward by 
the first Conference (February 1959). 

While emphasizing the vastness and complexity 
of the task, the addresses are optimistic, confident 
that in a short time significant progress towards 
national mathematical education culminating in 
vigorous schools of research will have been made. 
The other invited addresses, by mathematicians from 
Europe, North America and Asia, deal mainly with 
algebra and geometry, in the upper school, at the 
undergraduate-level, and in the first postgraduate 
year. Generally, stress is laid on the axiomatie 
approach and the basic importance of modern linear 
algebra, founded on a school knowledge of the 
elements of vector algebra and of sets of linear 
equations. Several of the advocate an 
earlier introduction, in the universities, of modern 
abstract and general methods, on the grounds that 
students of to-day are not afraid of abstractions and 
can thus derive full advantage from an early acquaint- 
ance with general methods. The reports of the 
working groups preservo the flavour of lively and 
provocative discussions. 


addresses 


The Manchester Literary and Philosophical Society 


VoLumE 102, 1959-60, of the Memoirs and Pro- 
ceedings of the Manchester Literary and Philosophical 
Society well justifies Sir Cyril Hinshelwood’s com- 
mendation of the Society in opening its new buildings 
in September (Pp. 81 xliii. (Manchester: Man- 
chester Literary and Philosophical Society, 1960.) 
3ls. 6d.). It includes the presidential address of 
Mr. C. E. Young on the growing importance of 
organo-metallic chem/’stry ; Dr. G. E. R. Doacon’s 
Clayton Memorial Lecture on the scientific exploration 
of the oceans; Prof. RK. D. Waller's lecture on 
Danilo Dolci and his sociological work in Sicily and 
southern Italy; Sir Gordon Sutherland’s lecture 
giving some comparisons of British and American 
Universities ; and Prof. C. F. Carter's assessment. of 
the practical value of the economist in government 
and in business in which he suggests that the Minister 
for Science should encourage a joint technical and 
economic appraisal of the opportunities for State- 
encouraged scientific development. 


Irregularities in Spelling 


BACKWARDNESS in the basic subjects has been the 
subject of considerable unfavourable comment by 


industrialists and others since the War. Among the 
causes of backwardness in reading, English spelling 
has long figured as an important factor. Spelling 
reform has been increasingly mooted since George 
Bernard Shaw's bequest for this purpose, and 
recently, the National Foundation for Educational 
Research in England and Wales in conjunction with 
the University of London Institute of Education 
agreed to undertake rescarch into the alphabet form. 
An important preparatory step has been Dr. W. R. 
Lee’s scientific study of the part played by spelling 
irregularity as a contributory cause of backwardness 
in reading. The results of his investigations have 
now been published under the title “Spelling Irregular- 
ity and Reading Difficulty in English’? (Occasional 
Publication, No. 2: Pp. i+74. London: National 
Foundation for Educational Research in England 
and Wales, 1960. 10s.). It has been maintained that, 
if each sound were always represented by the same 
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letter, reading proficiency and reading habits would 
be achieved more easily. This study examines this 
hypothesis against experience at home and abroad, 
and follows this up with objective testing in experim- 
ental situations. The decisive conclusions should 
form an invaluable aid to teachers, administrators 
and all concerned with progress in education. 


Foot-and-Mouth Disease in Madras 

IN the combined report of the King Institute of 
Preventive Medicine, Guindy, and the Government 
Analyst, Madras, for the year 1957-58, information 
is provided about the problem of foot-and-mouth 
disease in Madras State (Report of the King Institute 
of Preventive Medicine, Guindy, and Report of the 
Government Analyst, Madras, for the period from 
Ist April, 1957, to 3lst March, 1958. Pp. i+ 121. 
Guindy, Madras: King Institute of Preventive 
Medicine, 1960). The conclusions of a committee set 
up to examine the position were that: foot-and- 
mouth disease is endemic in the whole Madras State 
and occurs year after year; the carrier state of the 
infected animals is quite long and lasts a year ; it is 
not practicable to select virus free animals for vac- 
cination; and that with the facilities available at 
the Institute, every possible precaution has been 
taken to minimize the infection and its spread. The 
committee was of the opinion that controlled measures 
have become all the more important, as prophylactic 
vaccines against foot-and-mouth disease are not avail- 
able in India. It is also not practicable to import 
vaccines from abroad as they are very costly and 
protection against local strains cannot be assured. 
The report contains detailed information about all 
measures taken to safeguard public health in the 
State 


A New Freg frora Brazil 

AMONG the specimens in a small collection of frogs 
sent to Coleman J. Goin of the University of Florida 
was a single individual of a striking little Hyla. It 
has been named Hyla bokermanni, n. sp. The speci- 
mon was an adult female and has small rounded 
vomerine tooth patches and small rounded dorsolateral! 
stripes on a chocolate-brown background. It is 
perhaps most closely allied to H. parviceps, from 
which it differs in its smaller size, shorter legs, 
smoother skin, and in having a pattern of dorsolateral 
stripes as well as differences in detail of pattern of the 
thighs. From H. microps, which may also be a near 
relative, it likewise differs in its small size, shorter 
legs and in the pattern of dorsolateral stripes (Ann. 
Mag. Nat. Hist., 2, No. 24; December 1959). 


Fecundity of the Nile Mormyrid, Hyperopisus bebe 

(Lacepede) 

ATTENTION has recently been directed to the 
importance of tho fish fauna of the Nile as a valuable 
source of protein food. Experimental stations have 
constructed for the breeding of some of the 
economically important species of the Nile fishes. 
Work on the fecundity of the Nile fishes would, 
therefore, be of importance for such projects and for 
a veneral control scheme for the maintenance and 
increase of the productivity of the rivers, but except 
for the observations made by Kenchington in 1933 
on the fecundity of the Nile perch Lates niloticus 
(Linnwus 1762) no one has previously examined this 
Nawar has now investigated the fecun- 


been 


problem. 


dity of Hyperopisus bebe (Lacepede) (Ann. Mag. Nat. 
Hist., 2. No 


October 1959). The feeundity, de 
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fined as the number of eggs produced by the female 
during the breeding season, was determined through 
the study of 62 females. It was found to vary in the 
range 2,030-33,060, provided that the fecundity is 
calculated on the basis of counting the whole number 
of ova per ovary. A correlation between fecundity. 
length and weight of the specimen was observed. 


New Virus isolated from Culicine Mosquitoes 

Durine April 1958, an outbreak of febrile illness 
of unknown wtiology occurred among the residents 
of Germiston, a town near Johannesburg. As 
it was considered that this outbreak might have 
been due to an arthropod-borne virus, mosquitoes 
were collected with the intention of isolating the 
causal agent. In the centre of Germiston, which is 
a highly industrialized town, is a small lake with an 
adjoining golf course and park. On the edge of the 
lake is a dense reed-bed with a heronry in which large 
numbers of cattle egrets (Bubulcus ibis) roost and 
breed. At the time the mosquito collections were 
made, the heronry contained hundreds of fledgling 
cattle egrets. Associated with the reeds and sur- 
rounding trees were lesser numbers of black-headed 
herons, sacred ibises, coots, moorhens, reed warblers, 
weavers and doves. Mosquitoes were collected 
on the edge of the lake in proximity to the reeds. 
From Culer (Neoculex) rubinotus Theobald mos- 
quitoes collected at Germiston, three virus strains 
were isolated. Two of these strains were identical 
and have been shown to belong to the Bunyamwera 
group of arthropod-borne viruses. B. M. McIntosh, 
R. H. Kokernot and H. E. Paterson report in the 
April issue of the South African Journal of Medical 
Science that they have now isolated a third virus 
strain which has been shown to be unrelated immuno. 
logically to many arthropod-borne viruses. Accord- 
ingly, the name Witwatersrand virus has been 
proposed, which has reference to the geographical 
area where the mosquitoes were collected and from 
which the agent was isolated. 


Essay Competition on Corrosion Science 

Tue Corrosion Group of the Society of Chemical 
Industry is organizing a competition designed to 
encourage persons who are still in the early stages of 
their career to take an interest in corrosion science. 
The competition will take the form of an essay, and 
persons aged not more than 30 years are invited to 
present an essay or paper on any aspect of corrosion 
of metals and its prevention. A prize of 25 guineas 
will be awarded. The closing date for receipt of 
entries is March 31, which should be addressed to 
Corrosion Group Essay Competition, ¢/o Society of 
Chemical Industry, 14 Belgrave Square, London, 
S.W.1, whence further information can be obtained. 


“Effect of Corona Discharges on Po'yethylene”’ 
REFERRING to the communication under this title 

published in Nature of November 12, 1960, p. 577, 

Mr. L. R. Hougen states : ““Further work has revealed 


that the identification of the alcohols in the gas 
chromatogram (Fig. 1) is incorrect, due to false 
labelling of the marker compounds, which was 


beyond my control. A correct interpretation of the 
gas chromatogram indicates that the distribution of 
breakdown products between the different carbon 
numbers is statistical, and that the largest peak 
represents C,, secondary alcohols, which suggest 
that a free-radical mechanism may play an active 
part in the breakdown reactions’. 
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The Night Sky in February 


NEW moon occurs on Feb. 
full moon does not occur this month. The following 
conjunctions with the Moon take place: Feb. 2d. 
O7h., Regulus 1° N.; Feb. 13d. 06h., Jupiter 4° S. ; 
Feb. 13d. O7h., Saturn 3° S.; Feb. 18d. Ilh., Venus 
7° N.; Feb. 22d. 20h., Aldebaran 0-2° S.; Feb. 24d. 
I7h., Mars 8° N. Jupiter is in conjunction with 
Saturn on Feb. 18d. 15h., Jupiter 0-2° S.; this 
phenomenon occurs once every twenty years, and on 
this occasion the approach Is unusually close, but 
conditions for observation are unfortunately not 
favourable. There is a total eclipse of the Sun on 
February 15, visible as a partial eclipse at Greenwich. 
The eclipse will be total along a track pass'ng through 
southern France, northern Italy, the Balkans and 
parts of the U.S.S.R., where there will be a maximum 
2m. 45s. from the 
begins attains its 
ends at 


No. 476! 


15d. OSh. llm. v.t. ; 


duration of Seen Greenwich, 
partial before sunrise, 
maximum phase of 0-93 at 7h. 42m., 
Sh. 47m. Th's is the largest eclipse to be seen from 
Greenwich since 1927 and until 1999. Mereury will 
be visible as an evening star during the first half of 
the month. Venus is an evening star, favourably 
placed for observation. 2th. 20m., 
2th. 45m. and 2th. 50m. on February 1, 15 and 28, 
respectively, more than 4 hr. after the Sun. During 
the month its d stance from the Earth decreases from 
63 to 44 million the visible portion of the 
apparent disk from 0-499 to 0-315, and its stellar 
magnitude from 4-1 to 4-3. Mars sets at 6h. 
00m.. Sh. 10m. and 4h. 25m. at the beginning, middle 
and end of the month, respectively. Mars is very 
conveniently situated for observation It is at a 
distance of 80 million miles from the Earth on 
February 15, and its stellar magnitude is 0-1. 
Jupiter and Saturn are too close to the Sun for easy 


eclipse 


and 


Venus sets at 


les, 


they are only observable in the twilight 
Occultations of stars brighter than 
magnitude 6 are as follows, observations being made 
at Greenwich: Feb. 10d. 5h. 19-7m., 24 Seo. (R); 
Feb. 22d. 21h. 18-8m., 89 Tau. (D); Feb. 23d. 18h. 
Ol-6m., 111 Tau. (2): Feb. 26d. 22h. 19-Im., 5 Cne. 
(D). D and RP refer to disappearance and reappear- 
ance, respectively. 


observation ; 


before sunrise. 


Announcements 

Dr. Rupoir L. MOssBAUVER has been awarded the 
1960 Research Corporation Award by the California 
Institute of Technology and Research Corporation 
for his work on the production and detection of 
yamma rays. Dr. Méssbauer is at present on leave 
of absence at the California Institute of Technology 
from the Institute of Technical Physics, Munich. 


AMONG the recent changes in administration and 
organization of the Akers Research Laboratory, 
Imperial Chemical Industries, the following appoint- 
ments are announced : Dr. P. W. Brian, to become 
associate research manager of the Pharmaceutical 
Division and to be in general charge of the Laboratory; 
Dr. J. Chatt, to become group manager of the Heavy 
Organie Chemicals Division. Dr. Chatt will continue 
in charge of the Organic Chemistry Department. 


THe Automatic Programming Information Centre, 
Brighton Technical College, is organizing a course in 
Algol 60 during April 5-6. Further information 
can be obtained from Richard Goodman, Automatic 
Programming Information Centre, Brighton Technical 
College. 
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THE annual general meeting of the Scottish Branch 
of Aslib is to be held at the National Engineering 
Laboratory, East Kilbride, on February 3. Further 
information can be obtained from the honorary 
treasurer, J. R. K. Pirie, M.E.R.L. (Aslib), East 
Kilbride, Glasgow. 


THE Institute of Physics and the Physical Society is 
organizing a conference on “The Crystal Structures 
of Organic Compounds” in the Chemistry Department 
of the University of during April 6-7. 
Further information can be obtained from = the 
Secretary of the Institute of Physics and the Physical 
Society, 47 Belgrave Square, London, S.W.1. 


Cilasgow 


Is organizing an informal 
Gas-Phase Reac 


THE Faraday Society 
discussion on ‘““Mechanisms of the 
tions of the Halogens and their Compounds” at the 
Chemistry Department, University College, Cardiff, 
on March 28. The programme will bo divided into 
two sections : (a) Oxidation processes ; 
of elementary halogens. Further information can be 
obtained from Dr. J. H. Thomas, Chemistry Depart 
ment, University College, Cathays Park, Cardiff 


(b) reactions 


A CONFERENCE is being organized by Research and 
Control Instruments, Ltd., on “X-ray Analytical 
Methods” at the Department of Geology, University 
of Manchester, March 20-24 Further 
information can be from the Conference 
Secretary, Research and Control Instruments, Ltd.. 
House, 207 King’s Cross Road, London. 


during 
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THE Institution of Mechanical Engineers 
izing & eymposium on “User Experience of Lary: 


Seale Industrial Vacuum Plant” at the Institution 
during March 1-2. The symposium is being sponsored 
by the Joint British Committee for Vacuum Science 
and Technology. Further information can be 
obtained from the Secretary of the Institution ot 
Mechanical Engineers. | Birdcage Walk, Westminster, 
London, S.W.1. 


THE Department of Scientific and Industrial 
Research is organizing a two-day national conferenc: 
and Industry the Problem of Com 
munication’, which is to be held at the Brangwyn 
Hall, Swansea, during April 18-19. Further informa 
tion can be obtained from the Press Officer, Central 
Office of Information, Park Place, Cardiff, or the 
Department of Scientific and Industrial Research 
Press Office, 5-11 Regent Street, London, S.W.1. 


on “Science 


AN all-day meeting of the Welsh Soils Discussion 
Group will be held in the Department of Agricultural 
Chemistry, University College of North Wales, 
Deimol Road, Bangor, on February 8, to consider 
“Glaciation in Wales as related to Soil Profile Develop 
mont”. Further information can be obtained from 
D. F. Ball, The Nature Conservancy, Penrhos Road, 
Bangor, Caernarvonshire, or James <A. Taylor, 
Department of Geography, University College of 
Wales, Alexandra Road, Aberystwyth. 


Erratum. We regret that the title of the com 
munication by J. 8S. Machin and D. L. Deadmore in 
Nature of January 21, p. 223, is incorrect; it should 
read, “Thermal Stability of TiOF,”. Throughout 
the text the formula “TiOF,” should be substituted 
for ‘titanium dioxide’, except where the latter is 
defined as anatase and in the third paragraph from 
the end. 
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N the past few years biologists in general have come 

to realize the great importance of an intensive 
study of tropical animals, their ecology, and the 
conditions of their existence. It is not merely that 
tropical Nature is a source of invaluable scientific 
information which is in danger of vanishing through 
the changing of the face of the Earth by man. It is 
also that the fauna of tropical nature reserves gives 
us an opportunity of determining with precision 
the factors that control both the physiology of 
individual animals and the size of their populations 
under conditions as yet relatively unspoilt. We 
need critical analysis of ecological factors, aided by 
laboratory investigations, together with the physio- 
logical study of what makes tropical species so much 
more efficient for the production and maintenance 
of animal substance than species imported from 
temperate latitudes. 

It was with studies of this sort in mind that, on 
the initiative of Sir Landsborough Thomson and the 
Zoological Society, in discussions with the D.rector 
of the Nuffield Foundation, a proposal to form a 
Unit of Tropical Ecology was developed and placed 
before the Foundation. The Foundation has accepted 
the proposal and given it most generous and sub- 
stantial support. The University of Cambridge has 
readily accepted the proposal that the Unit should 
be controlled from the University. 

The immediate objective of the Unit is to maintain 
one senior and one junior research worker in tropical 
ecology to work at the Queen Elizabeth National 
Park, where the Trustees of the Uganda National 


debate in the House of Commons on December 2 


on & British communications satellite programme, 
which had been opened by Mr. A. Neave, Mr. G. 
tippon, the Parliamentary Secretary to the Ministry 
of Aviation, weleomed the practical approach of 
speeches in the debate. Previously he had pointed 
out that communications satellites involve the use 
of a powerful launcher and that the project is thus 
distinet from the programme based on Skylark, the 
giant programme in the United States, and also the 
Preparatory Commission set up to study the possi- 
bility of establishing a European space research 
organization. Both British and American experts 
are confident that the purely technical problems can 
be solved within the next few years, and Post Office 
and Ministry of Aviation scientists and engineers 
are already carrying out joint work on the design of 
ground stations and satellites as well as of overall 
system design. This work is concerned with both 
technical and economic aspects of satellites. While 
the co-operation of industry will be sought at the 
ippropr ate stage, he did not think that there is 
anything to be gained by setting up a space com- 
munications committee at Cabinet level, as suggested 


by Mr. Neave. 


I‘ replying for the Government in an adjournment 


THE NUFFIELD UNIT OF TROPICAL ANIMAL ECOLOGY 


BRITISH COMMUNICATIONS SATELLITE PROGRAMME 
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Parks already have a small field station. The work 
of the Unit will, however, be controlled from the 
University of Cambridge, by a Committee under 
the honorary chairmanship of Prof. C. F. A. Pantin. 
The Committee will include representatives from the 
University of Cambricge, the Nuffield Foundation, 
the Zoological Society of London and the Trustees 
of the Uganda National Parks. It is an important 
part of the scheme that, while the field work will be 
done in Uganda, the research workers will spend 
substantial periods planning their work and studying 
their observations in the Zoological Laboratory at 
Cambridge. It is hoped that as the scheme develops 
other research workers will be encouraged to attack 
problems in Uganda, and also that it will lead to 
young research workers engaged on such problems 
coming to work at Cambridge. The authorities of 
Makerere College have already shown great interest 
in the Unit. 

The Committee will be holding its first meeting 
early this year to consider staff appo ntments, 
and sent Dr. Hugh B. Cott to visit the field station 
in December and to make a first report. The 
promoters of the scheme have great hopes that 
the Unit will lead not only to important work on the 
ecology, physiology and environmental relations of 
tropics! animals, but also to a greater contact between 
research: workers in Britain and Uganda than has 
hitherto been possible: further, that the attack 
on animal ecology may later develop into a broader 
project, including plant ecology and the study of 
micro-organisms. 


Mr. Rippon pointed out that many different types 
of system have been proposed, but experts, both in 
the United States and in Britain, to-day appear to 
favour a system using active satollites which will 
carry radio receivers and transmitters, thus receiving, 
amplifying and re-transmitting signals instead of 
just reflecting. He promised to bear in mind what 
Mr. D. Price had said as to the possibilities of such 
a syste. 

The study of system design includes that of 
the type of orbit to be chosen for the satellites, which 
could be circular or elliptical, close to the Earth or 
far away. It is possible to choose a particular circular 
orbit for a satellite at about 22,000 miles from the 
Earth, and three such satellites could be so placed 
that one at least is visible and potentially available 
for communication purposes from every country in 
the world, except for certain limited areas near the 
poles. Th’'s system has some disadvantages, and it 
may well be better to have a larger number of 
satellites in closer orbit, for example, a dozen or two 
satellites at 5,000 or 6.000 miles, or 50 at 2,500 miles. 
Whatever orbit is chosen, there are formidable 
difficulties, and the technical problems to be overcome 
make estimates of cost necessarily speculative at this 
stage. Reliable information on the useful life of a 
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satellite is required, and this can only be obtained by 
experiment, for which the most promising area is 
the North Atlantic. Mr. Rippon hoped that such 
tests will take place in the next year or so, and said 
that Britain envisages putting two or three satellites 
imto polar orbit. He also sa'd that Britain is aiming 
it about 1,000 channels for an active satellite, but 
there is really no limit to the number of channels 
for a passive satellite. 

Meanwhile, Britain will continue with construction 
of the submarine cables to provide for the communiea- 
tion needs of the Commonwealth, for which a pro 
vramme, costing between £35 and £40 million, has 
been approved, covering the cable between Canada 
ind the United States in 1961 and and 
Australia in 1966. The United Kingdom’s share will 
be less, and it may be found that cable and satellite 
communications are complementary indefinitely. As 
regards a launcher, the Government has kept in 
being those aspects of the Blve Streak project which 
can be of use in developing a satellite launcher. The 
scientific and technological skills have been preserved, 
ind the teams necessary to develop a satellite launcher 


No. 4761 


Canada 


FUTURE OF THE COLONIAL 
RELATIONS 


N answer to questions im the House of Commons 

on December 13, the Prime Minister said that he is 
considering, in consultation with the Commonwealth 
and Colonial Secretaries, the recommendations regard- 
ing the future of the Colonial Office and the Com- 
monwealth Relations Office made by the Select 
(‘om mittee on Estimates, and that the subject will 
be discussed with other Prime Ministers of the 
Commonwealth at their Conference to be held during 
March. Meanwhile, the problem of fusion is being 
studied to see whether some of the advantages of 
co-ordination can be secured without the disadvan- 
tages of combining relations with independent and 
dependent members in a single Office. In replying 
for the Government in a subsequent debate in the 
House of Commons on December 19, on the Select 
Committee's report, the Colonial Secretary, Mr. Iain 
Macleod, said that it is clear that the present policy 
of leading the dependent territories to full indepen- 
lence as early as is compatible with their educational, 
political and economic development is bound before 
long to lead to a stage when there is no longer justifica- 
tion for a separate Office, headed by a Secretary of 
State, to conduct the relations with the few small 
remaining dependencies. A Commonwealth Service 
s another matter, and the preference of the inde- 
pendent, countries for independent recruitment and 
for local officers rather than expatriates destroys the 
basis of a Commonwealth Service. Meanwhile, the 
burden of work falling on the two Secretaries of State 
is too great for a merger to be practical for at least a 
vear or two ahead. Moreover, territories which are 
reaching independence during the next few years will 
continue to require in their services expatriate officers 
n professional, technical and administrative posts, and 
the supply of such officers concerns both the Colonial 
Office and the Commonwealth Relations Office. 

Ultimately, Mr. Macleod thought, the solution 
night well lie in the bringing together of the two 
Offices as the Select Committee recommends, but 
this is not yet practical politics. Meanwhile, the 
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retained : should such a launcher be developed, what 
Britain has done and is doing would enable her, 
or any other participating country, to formulate a 
programme and put satellites into orbit within the 
next five or six years. We have already concluded 
that, if a heavy satollite launcher were to be developed 
outside the United States or the U.S.S.R., there are 
substantial advantages for all concerned in doing 
in co-operation with the Commonwealth and 
Europe. Mr. Rippon directed attention to the fact 
that Britain is keeping in close touch with Australia 
and Canada and other members of the Common- 
wealth, and, if the Blue Streak proposals are carried 
to completion, the facilities at Woomera will be used. 
The Government has also had lengthy discussions 
with the French Government on the joint develop- 
ment of a satellite launcher based on Blve Streak, 
and these have woll. It intended to 
interested countries to join in a conference early in 
1961, and in the meantime individual countries are 
being invited to send their experts here for discussions 
and to judge for themselves the technical soundness 
of the British proposals. 
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AND THE COMMONWEALTH 
OFFICES 


Government has initiated a study of the possibility 
of creating a joint Department under a Minister 
responsible to the Colonial Secretary, the Secretary 
of Commonwealth Relations and the Foreign Secre- 
tary to handle under a single direction many of the 
forms of technical and advisory assistance which 
Britain provides to overseas countries whatever their 
status. Mr. Macleod stressed the importance of the 
contribution which Britain can make in technical 
assistance through the experience and knowledge 
of its men and women. It is accordingly proposed to 
defer consideration of the Select Committee’s pro- 
posal for a Commonwealth Advisory and Technical 
Service pending the result of this examination. 
Mr. Macleod concluded with a warm tribute to the 
work of the Colonial Service and to the achievements 
of what is described as British colonialism. Britain 
can no longer offer many of the members of the 
Overseas Service the full cover which they have 
earned, and it is the Government's duty to ensure that 
everything possible is done to minimize any conse- 
quent hardship. He claimed that Britain has the 
finest organization in the world for providing pro- 
fossional and technical assistance to underdeveloped 
territories, and the men and women of the Overseas 
Service and their predecessors have a record of 
service of which all should be proud. 

Mr. Macleod’s tribute to the Colonial Service and 
his concern for the future of the men and women 
of the Ovorseas Service echoed what had been freely 
expressed in the debate, but although there appears 
to be widespread support for the merger of the two 
Offices caution was urged from both sides of the 
House. There is clearly concern that very big changes 
will be required in the Commonwealth Relations 
Office itself before it is fit to deal with the new situa- 
tion and the needs of the newly independent members 
of the Commonwealth. In fact, there is much greater 
confidence in the ability of the Colonial Office to 
provide the advice, the experience, the skill and 
techniques that will still be required. 
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JR several decades a minority of enthusiasts 

have pressed on the Government the need for 
an improved hydrological service in Great Britain. 
Official recognition of this need was recorded recently 
in the annual report of the Advisory Council on 
Scientific Policy, where attention was directed to the 
fact that Great Britain remains weak in research on 
hydrology. Yet another warning of coming difficul- 
ties in meeting demands on water supply in Great 
Britain was recently given by Sir Herbert Manzoni 
in his presidential address to the Institution of Civil 
Engineers. The position shows every sign of becom- 
ing serious in a few years time, and in terms of 
research a great number of problems are involved 
throughout the whole of the hydrological cycle ; 
ranging more especially from the effects of vegetation 
on catchment areas to problems of water use, such as 
waste by consumers and losses from leaks in water 
mains. Coincident with these warnings and con- 
firming the need for water conservation and a 
national water policy, the country has had to endure 
extensive flooding as a result of one of the wettest 
autumns on record. 

Faced with such difficulties it is pleasing to record 
some recent advances in hydrological research in 
Great Britain which it is hoped augurs well for future 
action. The Surface Water Survey of the Ministry 
of Housing and Local Government now seems well 
established and is producing an annual report with 
admirable regularity. The latest edition’ covers the 
water year 1958-59, and includes the flow records of 
188 gauging stations of which 19 appear for the first 
time. There is every indication that this number will 
rise still further in the next issue as many new stations 
have recently been established and are now in 
process of calibration. The water-year covered by 
the 1958-59 volume is of particular interest as it 
records the effects of the severe drought of the summer 
of 1959. The rainfall over England and Wales 
during the period from May to September was only 
half the long average for 1916-50, and was probably 
the lowest for more than 230 years. By the end of 
September many rivers reached new all-time record 
low levels ; indeed, some dried up altogether. 

In addition to the responsibility for an annual 
return the Surface Water Survey was also charged 
in 1959 with the preparation of hydrological surveys 
of selected basins. This duty arose from the recom- 
mendations of the Sub-Committee on the Growing 
Demand for Water® that hydrological surveys of river 
basin areas should be carried out, initially in those 
areas where the expected surplus of water supply over 
demand is lowest. Two surveys have now appeared ; 
a few months ago the River Great Ouse Basin 
(Hydrometric Area No. 33) was published, and 
more recently the River Severn Basin (Hydrometric 
Area No. 54)* has become available. These reports 
are notable steps forward in the study of Great 
Britain's water resources, water use and manage- 
ment. There are still, however, another hundred 
hydrometric areas to be considered if the whole 
country is to be covered so that a national assessment 
of the problem now confronting Great Britain may 
be made. 
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Both the surveys which have so far appeared 
attempt a coverage of all the aspects of the hydro 
logical cycle. There is a general study of the area. 
population, rainfall, geology, principal rivers and 
hydrology in the first part of each survey. In the 
second part the hydrometric area is broken down 
into five geographical sections in each of which the 
topography, population, hydro-geology, meteorology 
gauging stations, water quality, pollution, navigation. 
flood protection, irrigation, water use and potential 
water resources are systematically considerod. These 
descriptive paragraphs are followed in cach area by 
details, both in list and map form, of abstraction of 
water by public undertakings and by industry. 
discharges of water by public authorities and by 
industry, and a water balance sheet. These sections 
are packed with valuable data which will be of 
immense value to those concerned with the use of 
the respective water resources. The third part of 
each report has a summary and forecast of possibl 
future trends. 

The River Ouse survey showed that the basin i- 
one of the driest in Great Britain, and with very few 
natural sites for storage reservoirs available the 
continued development of surface water is limited. 
The main problem that gives cause for anxiety is 
the rising demand for irrigation water. The chief 
hope for the future lies in a greater exploitation and 
at the same time proper management of the ground 
water resources : these appear to be considerable in 
some parts of the basin. 

The River Severn survey, while following the 
pattern of the River Ouse survey, is more ambitious 
in that estimates are given ahead to 1980. Covering 
an area of 4,410 square miles the River Severn Basin 
reaches from Rugby to Lake Vyrnwy and from 
Shropshire to the Bristol Channel. It is the largest 
river basin in Great Britain and has a mean run-oft 


of 2,200 million gallons per day. At present the 
river basin supports a total water use of 737 million 


gallons per day for almost 2 million people : of this 


some 121 million gallons per day are permanent] 
abstracted for use in the area and another 43 million 
gallons per day are exported without serious conse 
quences as to the remaining quantity or quality 
of the river water even during prolonged periods of 
dry weather. The report suggests that maybe 
another 10 million gallons per day could be taken 
without noticeable effects during a drought, but that 
the abstraction of an additional 50 million gallons 
per day would certainly produce difficulties, while 
an additional abstraction of 100 million gallons per 
day might at times dry the river above Bewdley 
and produce objectionable conditions downstream. 
Proposals have already been made by public 
water undertakings for the construction of works 
capable of abstracting an additional 100 million 
gallons per day, so that total abstractions for the 
mid-1960’s could amount to 260 million callons per 
day, on top of which has to be added increased direct 
abstraction by industry and by agricultural interests 
for irrigation. By 1980 it is anticipated that abstrac- 
tions could rise to 370 million gallons per day with 
possibly 64,000 acres under irrigation. 
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The report makes it clear that these increases can 
only be achieved by additional storage, controlled 
use, and a policy of integrated river basin development. 
The authors reject the extensive use of conventional 
storage reservoirs and pumped storage schemes and 
come down in favour of regulating reservoirs, with 
which, it is maintained, an additional 250 million 
gallons per day could be guaranteed, an adequate 
flow in the Severn preserved at all times, much 
agricultural and urban land protected from flooding, 
and up to 64,000 acres irrigated in times of drought. 

W. G. V. BaLcur 
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* Ministry of Housing and Local Government, and Scottish Office. 
Lhe Surface Water Year-Book of Great Britain, 1958-59: Hydro- 
metric Statistics for British Rivers, together with related Rainfalls, 
for the wear ended 30th September, 1959. Pp. xiv +92. (London 
Hi.M. Stationery Office, 1960.) 17s. 6d. net. 


* Central Advisory Water Committee. 
Demand for Water. Second 
Stationery Office, 1960.) 
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HYGIENE AND PLANT PROTECTION 


ry HE chemical means of plant protection and 

| problems of hygiene have been reviewed by 
L. I. Medved, director of the Kiev Institute of 
Labour Hygiene and Occupational Diseases, in a 
recent issue of Impact of Science on (10, 
No. 4, 1960). 

The systematic fight against pests and diseases of 
cultivated plants is not only of great economic 
importance, but is also socially significant. It has 
been, calculated that the loss of food and technical 
crops on the farms of the United States due to pests, 
fungoid diseases and weeds amounts to about 11,000 
million dollars a year. Similarly it has been shown 
that implementation of measures for the protection 
of plants against pests, diseases and weeds would 
make an additional quantity of agricultural produce, 
valued at about 54 billion roubles, available in the 
U.S.S.R. While the quantity of pesticides produced 
and employed in agriculture by either of these two 
countries is considered greater than by any other, 
and, if they possess enormous reserves for increasing 
agricultural produce as a result of further use of 
pesticides, the same opportunities exist in other 
countries, 

The beneficial aspect of the use of poisonous 
chemicals in agriculture is evident, but the social 
effects should not be overlooked. All, or almost all, 
the chemicals employed are biologically active, and 
in some cases are potentially poisonous for human 
beings. Investigations by Soviet have 
shown that the prolonged action on the human 
organism of various chemical substances, even in 
insignificant quantities, may lead to a fall in the 
reactivity of the organism and to a rise in suscepti- 
bility to other diseases. In such cases, acute and 
chronic intoxication not occur, but a general 
high level of morbidity is noted. 

The problem of the carcinogenic effect of certain 
chemicals requires special attention. There are 
indications that carbolineum and its preparations, 
employed in a number of countries, contain a carcino- 
genic impurity (benzpyrene). There have 
reports on the careinogenic properties of iso-propylic 
ether of 3-chloro-phenylearbamic acid, applied as 
herbicides in a number of countries. Concern is felt in 
the United States about the carcinogenic properties 
of certain organochloric insecticides. 

The danger of chemicals to publie health does not 
lie only in the possibility of accidents (acute intoxi- 
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scientists 


does 


been 


cations). The chief danger to the health of the popula- 
tion lies in the prolonged chronie action of certain 
preparations inducing pathological states which are 
not ordinarily diagnosed as intoxication. Considerable 
data have been presented by American investigators 
on the rise in the incidence of diseases of the liver and 
gastro-intestinal tract, and of cardiovascular and 
nervous diseases among the population of the United 
States and a number of other countries, as a result 
of the extensive use of DDT and other organochlorie 
compounds. 

The duty of toxicology as the science of the toxic 
properties of chemical substances is not only to 
determine the lethal doses of one substance or another, 
but also to ascertain the possibilities of its chronic 
effect on the human organism over a prolonged period 
of intake in small quantities. A preparation which is 
widespread throughout the world, like DDT, has 
only a slightly toxie effect on the organism in a single 
dose, and the probability of poisoning with a lethal 
outcome is insignificant. When taken into the 
organism in various ways, however, DDT accumulates 
in the fatty tissues and is retained in them for a long 
time. Even in slight quantities, DDT acts very slowly, 
but destructively, on the organism. 
liver disease 


The increase in 
incidence observed in many countries 
is to a certain extent due to the intensified use of 
DDT and other organochloric insecticides. 
Investigations conducted in the toxicological 
laboratory of the Kiev Institute of Labour Hygiene 
and Occupational Diseases have shown that DDT, 
chlorindane, hexachlorane, heptachlor and other 
organochloric preparations, even when taken into the 
organism in small quantities, accumulate in it and 
efterwards give rise to various diseases. The investi- 
gations of the Ukrainian Institute of Nutrition have 
shown that, if a plant is treated with DDT during the 
period of fructification, the preparation is retained 
for a long time in the fruits. When milch cows are 
given repeated treatment to combat blood-sucking 
DDT is eliminated in the milk during a 
period of over three months in quantities endangering 
the health of people consuming the milk. DDT does 
not break down under natural conditions or as a 
result of cooking. On the basis of the results obtained 
in these investigations, the State Sanitar®Inspection 
of the U.S.S.R. has adopted an enactment prohibiting 
the treatment of plants with DDT during the period 
of fructification and providing for other restrictions 
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EADING workers in gas chromatography soon 
realized that published retention data would 
have much greater value if they were reported in a 
manner which made quantitative comparison poss- 
ible, and in 1956, at the first committee meeting of 
the Gas Chromatography Discussion Group of the 
Institute of Petroleum Hydrocarbon Research Group, 
a sub-committee was formed to consider recom- 
mendations on presentation of data. Although differ- 
ences between the views of this sub-committee and 
American workers were settled early in 1958, it was 
evident that international agreement was desirable, 
and approaches to the International Union of Pure 
and Applied Chemistry resulted in the formation of 
a Task Group to consider the matter. In addition to 
presentation of data, the Task Group also considered 
nomenclature, its terms of reference being to en- 
courage the use of established conventions provided 
they were consistent with accepted theory, to select 
a single term where several existed, and to eliminaté 
ambiguity of definition. The preliminary report of 
the Task Group was made available to the Discussion 
Group early in 1960 and has now been published in 
Pure and Applied Chemistry, the journal of the 
International Union. 

At an informal symposium held at the University 
of Liverpool on October 21, where the Discussion 
Group was welcomed by Dr. G. Skirrow, the Inter- 
national Union of Pure and Applied Chemistry 
recommendations were discussed, and papers on 
alternative methods of presentation were read. The 
chair for the morning session was taken by Mr. 
C. 8. G. Phillips and for the afternoon session by Mr. 
R. P. W. Scott. 

After reviewing the historical background and 
acknowledging a valuable contribution to the work 
by the Groupement pour lAvancement des Méthodes 
Spectrographiques, Dr. D. Ambrose, chairman of the 
International Union Task Group, discussed some of 
the points which had been considered in drawing up 
the recommendations summarized below. 

The technique of gas chromatography is divided 
into gas-liquid and gas solid, depending on whether 
separation is effected by partition or adsorption. 
Definitions are given for the following terms : sample 
injector, column (solid volume, liquid volume and 
interstitial volume), detector (differential and integ- 
ral), carrier gas, liquid phase, solid support and 
active solid. In gas-liquid chromatography the 
stationary phase comprises the liquid phase without 
solid support, and in gas-solid chromatography the 
stationary phase is the active solid. On the chromato- 
gram, base line, peak, peak base, peak area, peak 
height, peak width and peak width at half-peak 
height are defined and illustrated. The Martin and 


James pressure gradient correction factor is designated 
Uncorr&cted and corrected (factor 7 applied) reten- 
tion volumes measured from the point of injection 
are respectively Vp and The uncorrected reten- 
tion volume for a non-absorbed gas is termed gas 
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hold-up, Vaz. The adjusted retention volume V p—V y 
is designated V’p and becomes net retention volume 
Vy when the correction factor 7 has been applied. 
These parameters are reported at the column tem 
perature. Specific retention volume V, is the net 
retention volume per gram of liquid phase corrected 
to the volume at 0° C. 

Retention data should be published on an absolute 
basis or relative to a pure solute for which an absolute 
value is known at the operating temperature, and, 
wherever possible, the variation with temperature 
should be reported. Relative retention r of two 
components is given by : 


Vv 
R 
The theoretical plate value » of a column is used to 
express column performance (previously referred to 
as column efficiency), and peak resolution is given by 
twice the difference between retention (in volume, 
time or distance) divided by the sum of the peak 
widths in the corresponding units. Sample size, 
method of injection, and detector dead volume are 
factors which can affect the values obtained for 
retention parameters, column performance and 
resolution unless corrected for. The recommenda- 
tions are preliminary and the Task Group is to exist 
for at least another two years; comment and sug- 
gestions will be welcomed by Dr. D. Ambrose 
(National Chemical Laboratory, Teddington, Middle 
sex, England). 

Mr. G. R. Primavesi (Distillers Co., Ltd.), expressing 
the views of an analyst on the presentation of data. 
maintained that whatever terms were used they 
should be relative as well as absolute, and that chart 
distance took pride of place over time or volume 
The theoretical treatment of Martin and James was 
adequate, although the analyst had no need for the 
term V°,p. Retardation volume was preferred to net 
retention volume, and a plea was made that the 
expression for calculating 7 be published in a form 
which could not be misinterpreted. Mr. Primavesi 
commented on the modes of presentation of specific 
retentions, and expressed the view that it was more 
convenient to have retention data measured at the 
column temperature. 

Replying to these and other comments which had 
been received, Dr. Ambrose stated that, although the 
relation of partition coefficient to retention data is 
included in the recommendations, it is not regarded 
as & retention parameter but merely as an example 
of one of a number of physical constants which can 
be determined by gas chromatography. The Task 
Group had taken as a fundamental experimental 
quantity the retention volume Vp, which is a volume 
of gas; the fact that the actual measurement was 
made in time or distance was irrelevant. The term 
V°p was retained with its original definition on his- 
torical grounds but with the qualification that “this 
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quantity is of limited use because it is influenced by 
the volumes of sample injector and detector as well 
as the interstitial volume of the column”, because 
Martin and James made no mention of the significance 
of measurement from the air peak and, in fact, defined 
the ratio Vz,/VR, as relative retention. Some con- 
fusion had arisen over the use of the term V,; it had 
been used to describe specific retention per gram at 
the column temperature and at 0° C. There was 
very little to choose between the two interpretations, 
and the latter was chosen for recommendation 
because flow-meters are usually calibrated at 0° C 
and the plot of V, at 0° C. against 1/7’ is linear. 
Authors are advised to indicate the definition of V, 
used when reporting results. 

Speaking as a teacher requiring a logically correct 
approach to theory, Prof. P. Chovin (Laboratoire 
Municipal, Paris, and chairman of Groupement pour 
lAvancement des Méthodes Spectrographiques) pre- 
ferred to develop it from an ideal column without 
external dead volume in which retention volume 
is @ ‘true’ value. This concept does not affect 
adjusted, absolute and specific values. However, 
in the case of column performarce where retention 
is measured from the point of injection, comparison 
of the ‘true’ and ‘real’ values gives valuable in- 
formation on the loss of performance resulting 
from parts of the apparatus external to the column. 
The difficulties associated with the measurement 
of effective injector and detector dead volumes 
limit the practical interest in ‘true’ retention para- 
meters. Prof. Chovin also discussed a new para- 
meter, net retention volume per mole of liquid phase, 
and its application to the determination of activity 
coefficients. If the activity coefficient of a solvent 
solute system at a given temperature was known, 
the value for the same solute with a different solvent 
could be determined very simply, and for this purpose 
a dual column assembly in one vapour jacket had 
been used. 

In a paper by Mr. R. L. Martin (Standard Oil Co., of 
Indiana), read by Dr. A. Goldup, work was described 
which was interpreted as indicating adsorption effects 
at the liquid-gas interface. Such a phenomenon 
seriously affects the derivation of partition coefficients 
and other derived thermodynamic functions unless 
corrected for. In some circumstances the correction 
could amount than 80 per cent of the 
measured retention volume. With packed columns 
it had been found that the order of elution of hydro- 
carbon solutes varied with the amount of liquid 
phase, and the plot of retention volume per gram of 
column-packing versus liquid-phase percentage did 
not extrapolate to zero retention at zero liquid phase. 
With non-polar liquid phases the deviations were 
small and were attributable to adsorption on the 
support. With polar liquid phases the deviations 
were considerably larger and varied with the liquid 
phase. Using values for liquid surface area obtained 
by subjecting the coated support to the gas chromato- 
graphie continuous-flow method for surface area of 
solids, retention volumes were accounted for as the 
sum of a contribution by solution in the liquid 
(partition coefficient volume of liquid) and a con- 
tribution by adsorption on the surface of the liquid 
(adsorption coefficient x surface area of liquid). The 
contribution by solution increased linearly with in- 
crease of liquid phase, but the contribution by 
adsorption decreased due to the decrease in liquid 
surface area as the percentage of liquid phase 
increased. Calculated ‘adsorbabilities’ for saturated 
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hydrocarbons on polar liquid phases bore an inverse 
relation to the surface tension of the hydrocarbons 
It was also noted that column performance was con 
siderably greater with liquids on which adsorption 
occurred. 

Mr. W. T. Swanton (British Petroleum Co.) ques 
tioned the validity of some of the arguments, and 
indicated that effects due to the solid support, un 
coated support in particular, should be considered 
carefully. The relative values obtained for some of 
the ‘adsorbabilities’ were also queried; static ex- 
periments and application of the Gibbs adsorption 
equation might clarify the position. Further dis- 
cussion on this interesting paper was limited by the 
absence of the author. 

Dr. E. Kovats and Dr. J. F. Smith each presented 
methods for reporting data which go a long way 
towards solving the difficulties of analysts, who so 
often find that their extensive collection of relative 
values is of limited application because it lacks a 
common denominator relating the different standards 
which have been used to cover liquid phases of diverse 
type and a variety of temperatures. 

In the Retention Index Scheme proposed by Dr. 
Kovats (Laboratory for Organic Chemistry, Zurich) 
the retention of a solute is given as a value obtained 
by logarithmic interpolation between the values 
for two even-numbered n-alkanes which, for con 
venience, are assigned values equivalent to one 
hundred times their carbon number. The good 
repeatability and reproducibility of the method were 
illustrated with the aid of values calculated from 
retention data publ’shed by other workers ; however, 
as with other forms of retention data, possible effects 
of solid support must be considered and care taken 
in standardizing on a reproducible support. Except 
for small molecules such as methanol and nitroethane, 
where the functional group dominates, the variation 
of retention index with column temperature is smal] 
and lincar—about four units per ten degrees conti 
grade. From the results of a large number of determ 
inations, the difference between the retention indexes 
of two clese-boiling isomers is deduced as five times 
the difference between their boiling points (°C.) 
Retention indexes increase by one hundred units on 
both polar and non-polar phases for the higher 
members of any homologous series with the insertion 
of a —CH, group. Differences in values obtained on 
polar and non-polar phases can be ascribed to solute 
type. For non-polar hydrocarbons the difference is 
zero. Dr. Kovats presented evidence that bonding 
types and functional groups in a molecule can each 
be assigned a difference value, which for a given 
polar liquid phase are additive. 

With Dr. Smith's theoretical nonane or R,, method. 
which has been used extensively and proved invalu 
able in the laboratories of the Natural Rubber 
Producers’ Research Association, all values are 
expressed relative to the retention time for n-nonane, 
which is obtained by extrapolation or interpolation 
from the logarithmic retention time versus carbon 
number plots with n-alkanes. A simple relation 
between the R,, value and the retention index was 
shown to exist. Statistical examination of the results 
obtained for various chemical classes on squalane 
and dinonyl phthalate at several temperatures showed 
that the repeatability for the whole calibration pro- 
cedure and determination of relative value were at 
least as good as for methods involving the use of one 
or more standards within the chromatogram. 

C. G. Scorr 
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PAVLOVIAN Conference on “Higher Nervous 
if Activity” was held during October 13-15 in 
New York, under the auspices of the New York 
Academy of Sciences and the Academy of Medical 
Sciences of the U.S.S.R. This Conference follows, in 
its main lines, a number of recent international 
meetings such as the Moscow Colloquium on ‘*Electro- 
encephalography and Higher Nervous Activity’, the 
Montevideo Symposium on “Brain Mechanisms and 
Learning’, and the Macy Conference series on the 
“Central Nervous System and Behaviour’. These 
Conferences have been promoted because of wide- 
spread belief, explicitly stated by Magoun in his 
contribution to the New York Conference, that ‘‘the 
most striking recent progress in the biology of Higher 
Neural Activity has unquestionably come from 
electrophysiological analyses of the mechanism of 
learned behaviour. Knowledge has especially been 
advanced by marriage bet ween the electrical recording 
techniques of Western neurophysiology and the 
classical Pavlovian approaches to the study of 
conditioned reflexes cultivated so extensively in the 
U.S.S.R.”. The proceedings of the entire meetings 
will be published in the Annals of the New York 
Acade my of Sciences. Attendance at the meetings 
averaged about eight hundred persons on each of the 
three days. 

How does this Conference conform to a reformula- 
tion of Parkinson's law, namely, that regardless of 
new material available the number of words spoken 
at a conference will expand to fill the Proceedings 
published a year or two later? On the whole, 
expectations are fulfilled. There are some semi- 
philosophical discussions ‘‘on the relationship between 
neurophysiclogy, psychophysiology, psychopharma- 
cology and other disciplines”, which are not likely to 
throw much light on the difficult task of analysing 
the cortical and subcortical events taking place 
during conditioning. We have a rather expanded 
account of “The Role of Slow Waves in Differential 
Inhibition” based on records obtained from electrodes 
implanted with unknown accuracy “in the visual 
cortex, auditory cortex, medial suprasylvian cortex, 
dorsal hippocampus, ventral hippocampus, mesen- 
cephalic reticular formation, centralis lateralis, centre 
median, medialis dorsalis, and the lateral geniculate 
body”’ of two cats in which the conditioned avoidance 
to flickering light established. The 
results of this ‘‘admittedly crude and exploratory 
pilot study” are not particularly informative ; 
conclusions are of the nature that “our electrographic 
data indicate that cortical slow waves are associated 
inhibition, although they not preclude 
excitation’; and we also have “The First Law of 
Bio-Cybernetics : Unidirectional Rate Sensitivity”, 
which attempts a mathematical expression of heart- 
rate and pupillary reflexes. This paper will, no 
doubt, mathematicians familiar with 
Laplace operators, but will leave most biologists 
doubtful about the applicability of this type of 
analysis to sets of data still very much in search of 
appropriate causal factors. 
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From the point of view of the Western reader, no 
doubt the most interesting and important papers 
will be the Russian ones, particularly those by P. K. 
Anokhin and E. A. Asratyan. These not only give 
a summary of work done over the years in the 
laboratories of these two contributors but also report 
work which, to the present reviewer at least, was 
unknown and interesting. 

Anokhin, after directing attention to the fact that 
many years ago Pavlow had already emphasized the 
importance of subcortical centres in ensuring a “high 
energy level for the functional interactions among the 
cortical elements”, began his talk “‘with a formulation 
of some perfectly obvious contradictions which are 
now arising between the basic ideas of modern 
instrumental neurophysiology and the physiology of 
higher nervous activity. ... The main contradiction 
is in the understanding of the essence of the ascending 
non-specific activity effect of the reticular formations 
of the stem and thalamus on the cerebral cortex”. 
The problem, as it appears to Anokhin, is this : 
“The generally accepted interpretation of this 
phenomenon assumes that this effect is generalized 
throughout the entire cortex and probably all the 
cortical cellular elements. Desynchronization, that is, 
transformation of the slow-wave and high-amplitude 
electric activity into low-amplitude and _high- 
frequency electric activity, is usually regarded as 
electrophysiological expression of this generalized 
activation... It is silently assumed that this activity 
concerns all the cell elements of the cortex, hence, its 
designation as ‘diffuse’ activity”. 

This diffuse and non-specific activity contrasts 
with the very highly specific formation of conditioned 
reflexes, that is, the creation of “the temporary bond 
between the given stimulus and any inborn activity 
of the organism”’. As Anokhin puts his problem : 
“How can generalized and apparently diffuse activa- 
tion of the cerebral cortex be combined with the 
finest selective interactions between the cortical 
elements down to and including individual synaptic 
contacts ?”’ Anokhin’s very lengthy address sum- 
marizes the extensive work of his school relating to 
this problem, which has proceeded along two main 
lines. In the first place he has made a comparative 
evaluation of the activating effect of the cerebral 
cortex under conditions of two biologically opposed 
states of the animal —defensive and alimentary ; and 
secondly, he has worked by means of stereotaxic 
placement and micro-electrode techniques of evoked 
potential. He studied ‘“‘the ways of the ascending 
influences on the cortical element under different 
pharmacological effects and at different stages of 
ontogenetic development’’. The results of all 
this work are interpreted by him as throwing con- 
siderable doubt on the notion of ‘diffuseness’ as 
applied to the activating effects of the subcortical 
structures. 

Asratyan is concerned with “The Question of the 
Initiation and Localization of Various Types of 
Cortical Inhibition in the Elements of the Conditioned 
Reflex Are’. He opposes both the two traditional 
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Views, that is, “that conditioned inhibition is initiated 
in the cortical nerve cells of the focus of the con 
ditioned stimulus’, as well as the alternative view, 
“that conditioned inhibition is initiated in the nerve 
of the foeus of the unconditioned stimulus’. 
(He also rejects the view of Kupalov, which combines 
these two hypotheses.) Asratyan’s theory 
amounts to saying “that conditioned inhibition is 
initiated primarily in the elements of the conditioned 
connexion itself, which we represent as a chain of 
internuncial neurones”. Most of the work he quotes 
in support from expernments “trans- 
switching” ; this term is used by him to designate an 
which . . a 
indifferent given different signal 
values at the same time. This is done by reinforcing 
the stimulus differently in two different experimental 
These are 


cells 


own 


COTES on 


experimental paradigm in single 


stimulus is two 


conditions or situations”. experiments 


ATURE 


283 


interesting, but seareely conclusive ; Asratyan does 
not, for example, discuss at all the difficulties which 
would be presented for his theory by the results of 
Culler’s classical experiment of 1938. 

It is noteworthy that, while the Amerecan and 
Russian participants at this Conference do occasionally 
take notice of each other's work, yet in the main there 
is no real bridge from one group of workers to the 
This may be a question of nationality and 
polities; but other possibilities spring to mind. 
Klectro-physiologists in the United States, and in 
Creat Britain too, pay just as little attention to the 
work, or the contribution, of Western psychologists 
active in the field of modern learning theory and 
conditioning as they do to the Russians; the 
encapsulation of separate disciplines is more likely to 
be the villain of the piece, rather than national or 
political prejudices. H. J. Eysenck 


other. 


THE CHANGING INDUSTRIAL ENVIRONMENT 


theme of the annual conference of the Insti- 

| tute of Personnel Management which was held 
at Harrogate during October 7-9 was **People and 
Machines”. 

Various developments in personnel management 
and industrial relations were considered by the 1,200 
individuals who attended from industrial companies, 
local and central government departments, univer- 
and other higher educational institutions 
throughout the world. The tone and conduct of the 
conference were again on such a high plane that it is 
bound to have far-reaching consequences. Responsi- 
bility for organizing a conference which, 
those of political parties and trade unions, is probably 
the biggest in Great Britain lies ma’nly with Miss 
H. E. Cutting, who must be congratulated for the 
quietly efficient way in which these conferences take 
place. 

The opening address was given by the newly ap- 
pointed Minister of Labour, the Rt. Hon. John Hare, 
who, after reviewing the general principles on which 
the Government acts in the field of industrial relations, 
described the measure of success which stems from 
the British of free negotiation. In the 
twelve months from June 1959 to June 1960, for 
example, more than 300 important claims for increased 
wages or shorter hours covering practically the whole 
of industry were settled peacefully, while less than 
ten resulted in disputes which Jed to strikes. 

Strikes can be put broadly into two categories, 
First, there are strikes over clear-cut economic 
issues affecting wages or conditions of work. These, 
if they take place after the procedure of negotiation 
has been followed and failed to produce agreement, 
are one of the consequences to be accepted as inevit- 
able from time to time in a free society where those 
who work have the right and power to seek the condi- 
tions of employment they feel that they are entitled to. 

The second category contains the large number of 
strikes in individual establishments over a wide variety 
of difficulties, not only wages, which arise between 
management and labour or between different groups 
of workers. They arise over such issues as disci- 
pline, dismissals, redundancy, working arrangements 
The causes of many of them 
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and union membership. 


are sometimes obscure at least to the general 
public. Most of them are unofficial. 

This second category of strike has recently given 
rise to public eriticism. Industry itself, both em 
ployers and trade unions, is gravely concerned about 
Mr. Hare indicated that these criticisms and 
fears are justified because strikes indicate 
continuing weakness in the present system. The 
Minister recommended that the two sides of the motor 
car manufacturing industry should set up a top-level 
study group, or informal committee, to produce 
constructive proposals for overcoming the problems 
which cause regrettable stoppages within the industry 

wnether these problems arise on the management 
or the workers’ The Minister indicated his 
readiness to help such a group. 

At one of the sectional meetings the issue of whether 
collective bargaining should be carried out nationally 
or locally was examined. Prof. E. H. Phelps Brown 
showed how, in the years of full employment since 
the Second World War, there has been a substantial 
increase in the extent to which actual terms and 
conditions of employment are regulated by bargain- 
ing between firms and their own workpeople. Much 
of our eolleetive bargaining now has a two-tier 
structure: from time to time each employee gets a 
rise the amount of which is fixed by an industry 
wide bargain, but this actual rate depends also on a 
bargain struck within the firm. The procedure by 
which these local agreements are reached vary widely, 
and many are informal, but, in one way or another, 
they involve negotiation between a firm’s management 


them. 
these 


side. 


and its own work-people. 

Is this development to be welcomed or resisted * 
Negotiation firm by firm avoids the danger of industry- 
wide bargaining and that rises in money wages will 
be granted too readily, because all competitors will 
have to pay them and so expect to be able to cover 
them by a general rise in selling prices. On the other 
hand, there is a danger that the different rates for 
the same job in different firms will give rise to un 
rest and whip-sawing. 

Mr. G. Moxon, of United Glass, Ltd., was firmly 
against any proposal to decentralize wage-rate 
bargaining. Such a proposal presents a major 
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change to the established and traditional system 
affecting all companies in some degres ‘or other, but 
affecting most markedly multiple companies with 
factories in different parts of the country. 

Moxon’'s objections to the proposal may be sum- 
marized as follows: there is no evidence that the 
decentralization of wage negotiations would result in 
more acceptable bargains than is tne case under the 
present system. On the contrary, it is at least pos- 
sible that disputes would increase and factory relations 
would become worse if wage-rate bargaining were 
brought to the factory floor. There is no evidence 
that the decentralization of negotiations would 
diminish such tendencies as there are to a wage—price 
spiral; decentralized wage-rate bargaining is likely 
to have the effect of transferring a good deal of re- 
sponsibility for bargaining away from the senior ranks 
of trade union officials (for example, national officers), 
into the hands of less-experienced, and sometimes 
less-successful, officials at plant-level where shop 
stewards will exercise a considerable influence ; 
factory bargaining for increases beyond minima would 
necessitate some unified body of unions to negotiate 
on a common front with company management. This 
would mean a unified body embracing craft and 
general workers’ unions. Without th’s safeguard, 
management would be exposed to leap-frog tactics 
by the various unions with which it negotiates. 

The education and training of technicians were 
elaborated by Mr. J. 8S. Newton of Pilkington Bros., 
who used sections of the Crowther Report to distin- 
guish between the craftsman, technician and technolo- 
gist. The former has sufficient skill to make 
components, the second has enough training and 
industrial experience to supervise the carrying out 
of various skills, and the technologist has sufficient 
training to apply highly complicated scientific and 
technological methods to production. The technician 
has been brought into existence in order to solve a 
two-fold problem : (a) craftsmen in modern times are 
being asked to tackle work beyond their scope ; 
(6) highly trained men are being wasted on work 
requiring much less potential. The technician must 
have extensive grounding in many skills, and must 
be intellectually more able than the craftsman. He 
must supply the ‘know-how’, and acquire the arts of 
communication and management. He forms the 
vital link between the other two grades. 

Industry must decide what its requirements are in 
each grade, and begin by careful selection for each 
grade, considering educational qualifications along 
with general background. This may help to decrease 
the failure-rate between commencing and finishing 
a“ college course. 

Training given at work must be carefully planned, 
and watched closely if it is decentralized ; trainees 
should not be used as cheap labour. The training 
officer must have a clear-cut policy to implement, 
and planning and reports must be centralized. If 
training is centralized, it must not be isolated from 
production. If it is decentralized it must be on a 
systematic basis, with set periods under different 
operator/trainers, who must be paid special rates so 
that their earnings do not suffer. Industrial training 
must supply the trainee with as wide a field of ex- 
perience as possible, filling in gaps with short-period 
visits to other factories, on an exchange system. 
Trainee technicians must have early experience of 
dealing with emergencies. Training must be devised 
to develop and mature their personalities. 
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The British contribution to the development of 
personnel management in newly  industrializing 
countries was discussed by two speakers with con- 
siderable experience overseas. Mr. F. J. Pedler, 
of the United Africa Co. Ltd., declared that the 
golden rule for staff relations is to treat African 
workers in Africa as one would treat English workers 
in England. “If one begins by treating an African 
trade union as one would treat a respectable trade 
union in England one cannot go very wrong.’’ The 
assumption is too commonly made that trade unions 
in Africa are subversive, communist, corrupt and un- 
representative. Some African trade unions are fully 
responsible. It is true that some are dominated 
by communists, and others, without being communist, 
are identified with political parties in their own 
country. The influence of Israel on trade union 
structure has been strong in some African countries. 

Employers should be bold and sympathetic in 
recognizing unions and helping ther to develop along 
the right lines. The technique of a joint industrial 
committee, for example, has been widely used in 
Africa with success. 

The basic fact about African labour is that it 
very scarce. It has to be managed as a scarce com 
modity, as it already commands the price of a scarce 
commodity : the position in Africa is very different 
from India. 

It is important that political urges and economic 
development should be brought into harmony and 
made to serve useful ends. In this problem, personne! 
management has a big part to play. Such manage 
ment must handle the basic problem of labour 
searcity in such a way that the cost of wages and 
fringe benefits do not put a brake on investment. 

The training of staff at all levels is essential. 
One of the important things which England can pass 
on to Africa through good personnel management is 
the conception of a commercial company as a com- 
munity of men united for a common purpose : and, 
within the larger community, the conception of each 
unit—-whether it be a department or a trainirg school 

as a team in which there are corporaie interests. 
The most important step in achieving such a spirit 
is to promote Africans to be managers and to associate 
them fully in running the business. 

Mr. John Marsh, Industrial Welfare Society. 
suggested that, in helping the development of per 
sonnel management in countries overseas, the British 
contribution shoutd insist that our daily practice in 
industry and commerce should be an example. This 
is particularly true if the British control or administer 
expatriate enterprises in foreign lands. 

Personnel officers and other managers who serve 
abroad for a port on of their lives are especially impor- 
tant as ambassadors of modern Britain. ‘The Govern- 
ment is making a special effort to ensure that teachers 
going to the Commonwealth should have safeguards 
in their future careers, and Civil servants serving in 
other lands are now more satisfactorily protected. 
Service in industry and commerce overseas is still a 
handicap instead of a credit to a man’s career. By 
sharing our knowledge and experience with indigenous 
managers and specialists sent to the United Kingdom 
for training and development, Britain makes a con- 
siderable contribution to the development of good 
industrial relations overseas. 

The closing address was given by Sir Ben Lock- 
speiser, of Tube Investments, Ltd., who described the 
evolution of machines manufactured by man to create 
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the environment in which he now lives. But, although 
man is good at designing machines, he is not so good at 
understanding human behaviour, and the introduction 
of electronic machines could have lamentable social 
consequences if the personal problems involved are 
Many people are bound to be affected 
Considerable changes of technique can- 
overnight. The period of 
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adjustment is long enough to give those in authority 
the opportunity of using the means at their disposal, 
such as retraining schemes and the adaptation of 
recruitment and wastage-rates, to anticipate con- 
sequences and work out the necessary human measures 
to meet new circumstances. Good personnel manage- 
ment must accompany a developing technology. 
T. H. HAawkINS 


EPIDEMIOLOGY OF BLACK RUST OF WHEAT 


A SYMPOSIUM on “Epidemics of Black (Stem) 
LAX Rust of Wheat” was held in the afternoon of 
October 7 under the auspices of the British Myco- 
logical Society. Mr. L. Ogilvie (National Agricultural 
Advisory Service, Bristol) said that the alternate 
host of black rust, wild barberry, does not appear to 
be implicated in the origin of uniformly distributed 
and almost simultaneous epidemics in the south- 
west of England. It was therefore decided to find 
whether uredospores are transported from the 
Continent in the same way as they are carried 
northwards from Texas into the American wheat belt. 

Collaborative investigations which have been 
proceeding in Western Europe and North Africa since 
1958 show that the disease overwinters in the 
uredospore stage on wheat and grasses in North 
Africa and Southern Iberia, and spreads northwards 
in summer. Observations on field crops and on some 
thirty widely scattered ‘rust nurseries’ (small plots of 
varieties of spring wheats) were organized from 
Bristol. About a fortnight after uredospores were 
trapped in quantity, rust was found in the fields and 
from then on became common in most of the southern 
coastal areas, the Channel Islands and Isles of Scilly 
and, later, to a lesser degree, in the whole of the 
southern half of England. 

Dr. I. G. Thorpe (National Agricultural Advisory 
Service, Bristol) stated that the oat, barley, and some 
grass varieties of Puccinia graminis are not uncommon 
on barberries in England, but the wheat variety has 
not been found in recent years. The simultaneous 
appearance of the disease over a large area suggests a 
widespread inoculum. Uredospore deposits on spore 
traps can usually be correlated with air trajectories 
from countries to the south, as is explained later. Up 
to the present, the spectrum of rust races recognized 
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COLOGICAL terminology and concepts applicable 
to, and developed under, temperate conditions 
sometimes have little relevance to the vegetation 
of the tropics, and a@ journal devoted especially to 
tropical ecology will be welcomed by many as meeting 
a real need, so long as it does not encourage ecologists 
in differing climatic zones to overlook the essential 
unity of their subject. 

Nos. 1 and 2 of Vol. 1 of the Bulletin of the Inter- 
national Society for Tropical Ecology give little 
indication of the extent to which this new journal 
will, in fact, meet the need which undoubtedly exists. 
No. 1 contains a presidential address : “Why Tropical 

cology ?” by J. C. Sen Gupta, as well as abstracts 


in England greatly resembles that of the Iberian 
Peninsula and France. Mr. H. A. Hyde and Mrs. 
K. F. Adams (National Museum of Wales, Cardiff) 
reported that black rust uredospores have been found 
from May onwards in the spore catches organized by 
the Asthma and Allergy Research Unit at Cardiff and 
the Bishop Rock Lighthouse, often before wheat is 
affected in England. Simultaneous catches of black 
rust spores have often been made at points more 
than 150 miles apart. The theory of spore clouds 
originating from the Continent is supported also by 
catches in spring of pine pollen, which apparently 
came from southern Europe. 

Mr. W. H. Hogg (Meteorological Office, Bristol) 
described how air trajectories could be prepared from 
weather maps, and gave estimates of the errors 
involved. Uredospore catches in London during the 
period July 4-10, 1959, were accompanied by air 
trajectories from the Continent. When the air came 
from other quarters, spores were few or lacking. Dr. 
J. M. Hirst (Rothamsted) dealt with theories under 
lying the liberation, transport and deposition of rust 
uredospores. Sampling from aircraft traversing 
southerly airstreams over the English Channel have 
shown large numbers of spores at heights up to 
7,000 ft. 

Conclusions which may be drawn from the syim 
posium are that a severe black rust epidemic in 
England depends on susceptible varieties of wheat 
(all varieties grown here are susceptible to the common 
West European races of black rust), lateness of the 
wheat crops, transport of spore clouds arising from 
epidemics to the south by one or more favourable 
wind trajectories in late June or early July, and warm 
and humid weather at the time of infection and for 
several weeks later. 
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of 22 papers, mainly on tropical forests, given at a 
symposium on forest ecology held at Bombay. In 
No. 2 are rather longer accounts of 21 papers read 
at a forest ecosystem symposium which was a part 
of the ninth International Botanical Congress held 
at Montreal. There is thus an absence of research 
papers of the conventional type ; but it is useful to 
have the views of experts from many countries on 
forest classification assembled together in a single 
volume in this way. 

No indication is given as to whether succeeding 
numbers of this journal will be restricted to abstracts 
of papers read at symposia and conferences, or 
whether the journal is to restrict itself to tropical 
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plant ecology. Until it is possible to what 
permanent form this new journal takes, it can be 
given only a qualified welcome, although a forum in 
which of the tropics can their 
special problems and report on their work is un- 
doubtedly needed. 
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OBSERVATIONS OF FALL-OUT IN INDIA DURING THE PERIOD 
OF CESSATION OF NUCLEAR TESTS 


By K. G. VOHRA and V. S. BHATNAGAR 


Atomic Energy Establishment, Trombay, Bombay 


oe recent measurements of fall-out in different 
parts of the world have provided evidence of a 
shorter time of residence of fission products in the 
stratosphere than had been estimated earlier’ °. 
Martell':? has suggested residence-time in the strato- 
sphere of 6 months-1 year for the tests carried out 
in the polar regions and 3-5 years for the tests carried 
out in the equatorial regions. The investigations on 
fall-out carried out in Norway* have shown that the 
airborne activity at the ground-level starts increasing 
shortly after high-yield tests, reaches a peak value in 
about six to seven months and then decreases with a 
half-life of about one month. These measurements 
also suggest a short value of mean residence-time in 
the stratosphere 

The ground-level airborne fall-out activity in India*® 
after October 1958 showed a trend somewhat similar 
to that observed in Norway. A rise in airborne 
activity was observed soon after the completion of 
high-yield tests carried out in the polar regions in 
October 1958. This increase continued, and a max- 
imum was reached at all the stations after about four 
months, that is, during February-March 1959. This 
activity decreased with a half-life of about 40 days, 
suggesting residence-time in the atmosphere of about 
60 days. 

We have also studied the ratio of zireconium-95 and 
cesium-137 activities in samples of rain-water from 
Srinagar and Bombay during the period December 
1958-September 1959. The change in this ratio with 
time seems to provide some information regarding 
the relative proportions of fall-out debris from the 
old tests and the October 1958 polar tests. The mean 
residence-time in the atmosphere has also been 
estimated indirectly from this ratio and is found to 
be about 60 day 8. 

The obvious consequence of short residence-time 
in the stratosphere is an increase in the external 
gamma-radiation dose for several months after 
high-yield The radiation from the 
gamma-emitting isotopes (zireonium-95 niobium- 
95), (cerium-144 praseodymium-144), ruthenium- 
106 and ewsium-137 after the October 1958 test 
series has been estimated from the observed levels of 
activity. 


tests. dose 


Airborne Radioactivity 


Fig. 1 gives the concentrations of radioactive fall- 
out fission products in the air at ground-level at 
different stations in India for the period October 
1958 June 1959. The airborne radioactivity shows a 
steady increase after October 1958, reaching a peak 
value in about four months. The peak in activity is 
observed at all the stations, except Ootacamund, 


during the months of February and March, after 
which the activity decreases with a half-life of about 
one month. 

The increase in activity to the peak value during 
the period of about four months after the October 
1958 test series may be explained as due to the 
storage of the debris in the troposphere determined 
by the mean residence-time in the troposphere, which 
is of the order of 20-30 days. The decrease in airborne 
activity at ground-level will be governed by the trend 
of decrease in the troposphere, which in turn would 
depend on the residence-time in the stratosphere. 

The levels of airborne radioactivity averaged for 
all the stations for each month and corrected for 
radioactive decay to October 15, 1958, have also been 
plotted in Fig. 1, and a smooth graph has been drawn 
through these points to give a picture of the general 
trend of variations of airborne activity at ground- 
level. This graph shows that, after the peak is reached. 
the activity decreases with a half-life of 40 days, as 
determined from the slope, corresponding to a mean 
residence-time in the atmosphere of about 60 days 
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Fig. 1. Average monthly levels of airborne radioactivity at 


different stations in India during October 1958-June 1959. The 

smooth curve shows the level of airborne radioactivity averaged 

for all the stations for each month and corrected for radioactive 
decay to October 15, 1958 
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Table 1. IUN¥INITY EXTERNAL GAMMA-RADIATION 


(8-137 AT SRINAGAR DURING OCTORER 1958—JUNE 1959 


Zireonium-95 


Month | (m.rems) 


0-039 
0-048 
O-178 
0-169 
0-256 
0-169 
0-240 
0-048 


October 
November 
December 
January 
February 
March 
April 

May 
Jum 


Zirconium-95/Czsium-137 Ratio in Rain-water 


Monthly collections of rain-waser from Srinagar 
tor the period October 1958 June 1959 and individual 
rain samples collected at Bombay during June 1959 
September 1959 were analysed for zireonium-95 and 
cesium-137 activity using a gamma-ray scintillation 
spectrometer. The scintillation spectremeter con- 
sisted of a 10-channel pulse-height analyser, and a 
well-type sodium iodide scintillation detector. Each 
sample was counted several times over a period of 
5-6 months, and the 0-75-MeV. gamma-ray peak due 
to zireonium-95 verified for its 65 days half-life. The 
wtivity of each sample was corrected for decay to 
the middle of the colleetion period. 

Fig. 2 shows the zirconium-95/cesium-137 ratio for 
the period October 1958-September 1959 for both 
Srinagar and Bombay samples. It will be seen that 
the ratio rises at Srinagar in December 1958. This 
indicates the increase of fresh nuclear debris in the 
troposphere, presumably from the October 1958 tests. 
During December 1958-May 1959 the ratio decreases, 
and the points lie close to the decay curve of zir 
conium-95 (half-life 65 days) shown by line AA. 
lhe observed ratios for June 1959 and subsequent 
sumples show an increasing departure from line AA. 
The departure may be explained as follows. 

As will be seen from Fig. 1, the airborne activity 
which had shown an increase following the October 
1958 tests came down to a fairly low level in June 
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DOSAGE FROM THE MONTHLY DEPOSITION ZR-95 


NB-05, Ce-144 Pr-i44, Rv-106 AND 


Total 
(m.rems) 


rems) (m.rems) 
0-76 
3-08 
| 3-04 


Cesium-137 | 


1959. After June 1959 one would therefore expect 
an increasing proportion of fission products from the 
earlier equatorial tests, which probably have a larger 
residence-period in the stratosphere. Thus the ratio 
zirconium-95/cwesium-137 in the precipitation samples 
after June would be more dependent on the relative 
abundance of cesium-137 from equatorial and polar 
tests. If we assume that the fall-out from the polar 
tests in 1958 is superimposed on a constant back- 
ground of cesium-137 from earlier tests, and that all 
the zirconium 95 activity in the atmosphere during 
June September 1959 is from October 1958 tests, the 
departure of zirconium-95/cwsium-137 ratio from the 
caleulated value from June onwards should be dur 
to the rapid depletion of the debris of polar tests in 
the atmosphere. The residence-time in the atmo 
sphere for the debris from polar tests is estimated 
from a least-square fit to the points between June 
and September as shown by line BB. The slope of 
this line gives (An + Ap), where Ap is the radioactive 
decay constant for zirconium-95 and Ap 1/t, where 
+ is the mean residence-time in the atmosphere for 
debris from polar tests. The value of t is calculated 
trom line BB to be about 60 days. 


Estimates of the External Gamma-radiation 
Dose 

The levels of deposition of (zireonium-95 

bium-95), (cerium-144 praseodymium), ruthenium 
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CALCUTTA MONTHLY AVERAGE 
BOMPAY MONTHLY AVERAGE 

BOMBAY RAIN COLLECTIONS 


Fig. 2. (Zirconium-95 + niobium-95)/cesium-137 
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ratio in rain-water for the period October 1055 


September 1959. Line 4A corresponds to the radioactive decay of zirconium-95, and line BR is « least 


square fit to the experimental points during June 
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106 and cwsium-137 were measured in the monthly 
collections of rain-water at Srinagar for the period 
October 1958-September 1959. The infinity gamma- 
dose from these isotopes has been estimated for the 
different months and the results are shown in Table 1. 
The maximum dose is about 10 m.rems observed in 
the month of March 1959. The total dose from these 
isotopes during October 1958—June 1959 is about 


50 m.rems. The actual dose will be higher than this, 


MEMORY EFFECT IN THE THERMAL INITIATION OF EXPLOSIVES 
By De. WERNER R. HESS and Dr. RUFUS C. LING* 


Picatinny Arsenal, Dover, New Jersey 


‘memory effect’ is a quite well-known 

| phenomenon in the thermal sensitization of 
explosives. It manifests itself through the apparent 
equality between the time of ignition delay (induction 
period) of an unsensitized sample and the sum of the 
durations resulting from several thermal treatments. 
Thus, Ubbelohde' found that the total imduction 
periods of lead azide and mercury fulminate heated 
at a given temperature 7’, are practically the same 
whether measured in one or more stages. Multi- 
stage heating involves heating a sample at 7, for a 
time ¢, followed by chilling and repeating this cycle 
one or more times until an explosion is finally 
observed. Algebraically, this can be stated by the 
equation 


(1) 


Te ty 2 
where ty, is the one-stage induction period, ¢,, ¢, . 
are the durations of the first, second, ete., heating 
stages, and + is the time to explosion associated with 
the last heating stage. It is experimentally observed 
that t, is a lower limit for the sum of terms on the 
right side of equation (1). 

Jones and Jackson? observed the memory effect 
in both primary and secondary explosives. These 
authors presumed this effect to be related to the 
kinetics of the decomposition reaction, since a 
shortening of the induction period occurred only 
where autocatalysis by condensed decomposition 
products had been definitely established. In this 
article an attempt is made to explain the effect in 
terms of equation (1) and a particular autocatalytic 
reaction equation. Then, the memory effect is seen 
to depend primarily on the concentration of catalyst 
formed during the thermal treatment, since the rate 
of the decomposition reaction naturally Increases 
with imereasing initial concentration of catalyst. 

Measurements of the induction period as a function 
of temperature generally follow the Semenov equa- 

Ine = B + (2) 

RT 

which permits one to calculate values for an apparent 
activation energy E. Theoretical justifications of the 
validity of equation (2) have been supplied by several 
authors. For example, from the fundamental 
thermal theory of explosion by Franck-Kamenetski® 
(which was extended to solids by Rideal and Robert- 
son‘), Cook® derived a relation of the Semenov-type 
which takes into account both the heat conduction 


Annandale, Virginia. 


* Present address 


NATURE 


January 28, 1961 


because the contribution from the shorter-lived 


isotopes has not been considered. 
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and the geometry of the sample. On the other hand, 
Eyring and co-workers*® gave an expression for the 
mduetion period by assuming a first-order reaction 
and neglecting losses of heat by conduction. Then 
again, Semenov’ treated self-ignition of gases on the 
basis of an autocatalytic reaction equation and the 
influence of heat conduction. Similarly, Andreev* 
showed that a Semenov-type relation for the induc- 
tion period is obtained when an autocatalytie reaction 
equation is used as will be discussed later. 

The basic problem in any theoretical explanation 
of the induction period derives from the difficulty of 
finding a kinetic law which is valid for the reaction 
under consideration. In the chain theory® possible 
mechanisms for reactions in solids have been described 
to a large extent. However, in spite of extensive 
agreement with experiments, the general validity of 
this theory has not yet been established. 

Accordingly, we shall assume the simple auto- 
catalytic reaction : 


A 
B--A -C 
which ix governed by the kinetic equation : 
da 
K,(a — +) 4) 
dt 


Here, « is the concentration of the reaetion product 
A with its initial concentration a, ) is the initial con 
centration of the substance B, and K, is the tempera 
ture-dependent reaction-rate constant. Equation (4) 
enables one to derive the relationship between the 
amount of catalyst x produced after the time ¢. 

It is known that equation (4) is primarily valid 
for certain reactions in the gaseous phase or in 
solutions. However, a number of experimental 
investigations showed that the simple autocatalytic 
relation is a sound approximation also in cases 
concerning condensed systems. 

Hinshelwood'® reported that the decomposition 
behaviour of molten tetryl satisfies equation (4). 
Prout and Tompkins"! described the decomposition 
of potassium permanganate by an expression similar 
to the solution of the above autocatalytie law (4) 
derived from the expanded chain theory. The same 
relation fitted the decomposition curves of some 


organic compounds as found by Vaughan and 
Phillips'?. In the theory of branching and terminated 
chains the following equation is derived" : 
da 
K .x. (a; r) 
dr 


: 
. 
‘ 
| 
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which neglects chain interference at ¢ and 
differs from the autocatalytic law (4) only by the 


omission of the initial concentration a. This formal 
identity emphasizes a similarity of the picture of 
the Brownian movement and collisions in gases to the 
branching of chains in solids. 

It is, however, not necessary that the kinetic law 
be fulfilled over the total decomposition-range. An 
agreement is demanded only up to the accelerating 
region, where slow decomposition changes to explo- 
sion. In the beginning of the reaction, the formation 
of catalyst nuclei takes place and secures a pro- 
portionality to the concentration. At a later stage, 
these nuclei may grow during the reaction, so that 
a certain amount of catalyst is sereened out from 
further participation in the catalysis. As the reaction 
proceeds further, a transition to an mterface catalysis 
will occur. When. the interface process becomes 
dominant compared with the ‘linear’ chain catalysis 
the diminution of active catalyst may be described 
approximately by means of exponents : 

ala 


di (bh 


rym (Hi) 

\n equation of this kind has been used already for 
complicated gas reactions by Semenov''. 

The simple type of reaction equation (4) will, 
however, be used for mathematical treatment im this 
work. That means that a duration of the reaction 
is considered in which the growth of nuclei is negligible 
compared to the formation of new nuclei. This is 
justified very well by the chain theory itself, which 
claims that the reaction in a solid goes on along 
certain preferred paths. On the other hand, however, 
this supposition does not affect the autocatalytic view 
of the reaction. It seems reasonable that decomposi- 
tion products may catalyse much more easily those 
neighbours in the lattice which are already in a 
higher energy stage. (Edge sites are preferred to 
surface, etc.) An autocatalytic demands 
that an initial concentration of catalyst be present to 
start the reaction. Mathematically, this is refleeted 
in the integrability of equation (4) from 
when a > 0 is taken. The concentration a may be 
represented by lattice defects, ete., and will in general 
depend on the history of the sample. This explana- 
tion not sufficient, however, when a 
assumes values too large relative to the concentration 
4 as shown later. In these cases, one may follow the 
suggestion of Andreev'® by superposing a first-order 
reaction which is responsible for starting the decom- 
position : 


rOCESS 


does seem 


da 
k,.(b — x) + ky.x.( 
It can easily be seen that equation (7) is identical 
to equation (4), when a is set equal to k,/k,. 

In all the following calculations, heat conduction 
losses will be neglected. First, the limiting case is 
that in which the temperature is considered to be 
constant. Then, the existence of a true memory 
effect according to equation (1) can be shown easily. 
The isothermal solution (K constant) of equation 
(4) permits determination of the time ¢ after which 
any desired amount x of catalyst has been formed : 


l +a 
t ) (8) 
(a+ 6)K, a(b — x) 
The induction period is assumed to be the time 
at which the maximum reaction velocity is reached, 
and is determined for the untreated sample as : 
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7 In (4) 
(a + b)K, @ 
and for the preheated sample contaiming an amount 
of catalyst (a + x) as: 
l 
(10) 
(a b)K, a 
Addition of equations (8) and (9) and comparison 
with equation (10) proves the existence of equation 
(1). 
The experimental results show, however, that a 
true memory effect is never exactly achieved and that 
only the following inequality : 


l (11) 
written in relative terms agrees with the observations. 
Therefore, self-heating will be intraduced to improve 
the description of the effect. The significance of 
self-heating is evident not only in the thermal theory 
of initiation of explosions by Franck-Kamenetski'* 
(which is concerned with temperature increase in a 
heated sample), but also by experimental results of 
Vaughan and Phillips’? in the case of mereury 
fulminate. 
For practical reasons, the kinetic equation (4) is 
rewritten in terms of concentrations normalized with 
respect to the initial concentration / : 


li 
‘ ke ERT (7, r) (12) 
dt 

where 2 is now the relative amount of the reacted 


material ; & is a proportionality factor which includes 
the frequency factor ; EF and R represent, respectively, 
the activation energy and the gas constant, and «a, 
is the (formal) initial concentration of the catalyst. 
If x. is interpreted as the ratio of the reaction-rate 
constants according to Andreev'®, «, will be depend 
ent on temperature, though of a lower order than 4 
alone. This fact may permit one to consider %> 
approximately constant compared to k. 

Again, loss of heat by conduction will be neglected, 
which is a reasonable assumption when the self-heating 
is small during the main part of the induction period, 
as is shown later. The heat. of reaction evolved by 
an exothermic reaction will then be used solely to 


raise the temperature of the explosive sample. On 
this basis, the amount reacted x is given by : 
CAT To) 
AH (13) 


where 7’, is the bath or hot-plate temperature, and 
C, is a mean specific heat. By introducing a hypo- 
thetical temperature 7’. which is the maximum 
temperature attainable in an adiabatic reaction, 
equation (13) can be written : 


r (14) 


From equations (12) and (14), it follows that 
aT k.e-E/RT 


T \(T « T) 
alt 


(15) 
where : 


T, Te £ 
Integrating equation (15), one obtains, in terms of 
the logarithmic integral : 


| 
“oe 
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t f feu i 
q 
“dp ey “dq) | (16) 
“dq 
where r 
y = E/RT, y, = E/RT,, y, = E/RT, yx = E/RT x, ™ 
Yo t Yas ip’ 4, q A 
y+ Ya: 
Fig. 1 shows the temperature-time profile schemati 
cally. (The dotted line indieates the above-men 


S(t) 

U\¢,/ const. 5. 
4 To _ big. 3. Caleulated pairs of values concerning the preheating times 
7 4 (t,/re = const.) for lead azide (4) and PETN (0) 


\ tioned influence of loss of heat by conduction.) The 
1 \ steep rise of temperature represents a self-acceleratory 
| \ reaction leading to ignition, and the time required 

for this to occur may be defined as the induction 
period to, characteristic of the sample under study 
Such a definition implies that near ty) the time is 
practically independent of the temperature, and 
consequently that the last two 7'-dependent terms 
in equation (16) compensate each other. Then the 
induetion period : 


q 
1Po 


Fig. 1. Temperature-time characteristic for different initial con- 
centration a 


depends, in essence, only on the initial concentration 
of the catalyst and the bath temperature 7',. The 
memory effect is now reduced to a description of the 
amount of autocatalytic decomposition product 
‘“e formed in a given length of time. 

When the autocatalytic reaction is interrupted 


. 
after a heating time ¢ by cooling the explosive sample, 
an amount 2 of the catalyst formed can be calculated 
by using equation (16) and the relationship between 
s r and 7 shown in equation (13). When the reaction 
‘a is resumed by heating to the previous temperatur¢ 


T,, the initial concentration of catalyst is increased 
by the amount « to x, “%» + x, and the new, shorter 
induction time +t can be evaluated by a similar 


integral : 


x Go 


l d, v, L [aq ( 18 
i J 


where 
Ys E{R| « }} »Po Yo 


0-5 10 Knowing to, t, and ¢ from the integrals mentioned 
ices and assuming the constancy of k, one can check the 

memory effect by plotting t/t, against t/t,. For an 

heal exact linear memory effect, a straight line with a 

E = 37 keal./mole, AH/Ce 5,130" K., 7, = 621° K. negative slope of unity will result. Fig. 2 shows a 

tetryl E = 52 keal./mole, AH/Ce = 4,804° K., 7’, = 525° K plot of three examples with known AH, E, and C, 


n all three cases, "The eolidsians A. repres: nt 
vperimental values 


In all cases «, is chosen to be relatively small, such as 
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Fig. 4. Thermal sensitization of Service lead azide at 330° ©. 
@. Experimenta! values by A. 8. Hawkes and C. A. Winkler 
and calculated curves 


well approximated. 
a second preheating time which causes scarcely any 
change of the curve (the heavy line in Fig. 3 is taken 
from Fig. 2). 

As mentioned earlier, the experimental results for 
the most part do not agree with even a fairly linear 
relationship as also indicated by a few experimental 
points in Fig. 2. A theoretical curve which fits these 
results can be determined by changing the parameter 
x. Fig. 4 shows a comparison of memory effect 
data by Hawkes and Winkler'’ and two calculated 
curves at a constant bath temperature of 330°C. 
for activation energ.es of 38 keal./mole and 50 keal./ 
mole respectively. The test material in these cases 


By this choice, the linear memory effect is still 


ISCUSSION of fourfold co-ordination of the 
| nicke] atom in paramagnetic chelate complexes 
of nickel({II), Ni(a—),, where is a bidentate 
ligand such as a $-diketone or salicylaldehyde, has 
centred on whether such co-ordination is tetrahedral 
or square planar. An early suggestion! that magnetic 
data indicated the tetrahedral arrangement was 
rejected by Calvin and Melchior? as inconclusive. 
More recently, Maki? has claimed that no a priori 
correlation between the magnetic moment and struc 
ture of these complexes is possible since a molecule 
having, say, @ square planar configuration may be 
either diamagnetic or paramagnetic depending critic- 
ally on the strength and symmetry of the ligand field. 
Maki‘ indeed the basis of the ultra 
violet. absorption spectrum in benzene, that nickel(I1) 
hisacetylacetone, often quoted as an example of a 
tetrahedral complex, has a planar structure. Tetra- 


suggests, on 
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Fig. 3 gives a demonstration of 


291 


was Service lead azide, so the assumed x»-values of 
7 = 10% and 5 x 10°% respectively cannot be said 
to be characteristic of the pure material. Neverthe 
less, it seems doubtful that such a relatively high 
%»-Value can represent lattice effects only. For lead 
azide, it was observed that the autocatalytic reaction 
is superposed by a simple, probably first-order reac 

tion'*, in the sense used by Andreev'®. Thus, even 
the degenerated, non-linear memory effect can be 
explained by the model demonstrated. 

In summary, the mathematical treatment pre 
sented here provides a theoretica] explanation of the 
relationship between the memory effeet in an explo 
sive and its autocatalytic decomposition as shown 
by the validity of equation (1) or the inequality (11). 
respectively. 

We wish to acknowledge 
Dr. J. V. R. Kaufman. 
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OCTAHEDRAL CO-ORDINATION OF NICKEL IN NICKEL(II) 
BISACET YLACETONE 


By Da. G. J. BULLEN 
Department of Physics, Birkbeck College, University of London, W.C.! 
AND 
Dr. R. MASCN and Dr. PETER PAULING 


Department of Chemistry, University College, London, W.C.! 


hedral co-ordination of nickel(1L) has been demon 
strated for bistriphenylmethylarsonium nickel tetra 
chloride®. 

An early X-ray diffraction analysis* of nickel(I1) 
hisacetylacetone produced the unexpected result that 
the molecules are trimeric ; a complete solution of 
the structure was not possible at that time, although 
it was clear that the nickel atoms in the trimer might 
well be octahedrally co-ordinated. We now report 


that the complete analysis of the structure, by 
Fourier and least-squares methods, confirms this 
suggestion. The usual discrepancy factor for this 


kind of analysis : 


38 KCAL / MOLE 
s™~ 50 KCAL / MOLE 
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is O14 at the stage of 
refinement and corresponds to aver- 
age estimated standard deviations 
of O-O15 A. and 0-05 A. for the 
nickel-nickel nickel-oxygen 
bond-lengths. 

A perspective diagram showing 
the arrangement of the ligands 
around the nickel atoms is shown in 
Fig. 1; bond-lengths and bond 
angles are given in Fig. 2. 

A distorted octahedral co-ordina 
tion of each nickel atom results 
from the bridging of each pair of 
nickel atoms by three oxygen 
atoms. The Ni(l) Ni(2) and 
Ni(2) — Ni(3) separations are 2-887 
A. and 2-896 A. respectively (equal, 


present 


within experimental error). The 
bond-angle Ni(1) Ni(2) Ni(3) 


is 179-2° 4+. 0-7°; the arrangement 
of the nickel atoms is thus linear 
The molecule as a whole is 
pseudo-centrosymmetric, the root- 
mean-square deviation of the 
lengths of chemically equivalent 
Ni-O bonds being 0-04 A. and of 
equivalent O-Ni-O and Ni-O Ni 
bond-angles 3°. Since the environ 
ment of the molecule in the crystal 
centrosymmetric, there is 
little evidence that intermolecular 
forces play any substantial part 
in establishing the molecular con 


m not 


figuration in the crystal. The 
Ni-O bond-length appears to de 
pend on whether the oxygen is 
bonded to only one nickel atom (/xyj;-9 2-00 A.) 
or shared between two nickel atoms 
2-12A.) (see Fig. 2 for spread of observed bond 
lengths). 

The trimeric nature of the molecule is under- 


standable in so far as a trimer is the smallest poly- 
meric unit in which octahedral co-ordination of all the 
nickel atoms can be accomplished, provided there is 
only intramolecular sharing of oxygen atoms. It 
seems possible that trimerization occurs with other 
complexes of this type if the chelate groups are not 
too bulky for steric hindrance to prevent the associa- 
tion. A recent 
nickel(LL) bissalicvlaldehyde shows that the 
clinic unit cell contams twelve formula units. Zine(L1) 
/isacetylacetone crystallizes in a similar way with 
a 19-2 A.,b = 8-4A.,c¢ = 24-4 A4., 8 113°, and 
with twelve formula units in the unit cell (pop. 


mono- 


1-40 gm. Peak 1-45 gm. em.-*). This 
implies that, as with nickel(LI) bisacetylacetone, these 
structures contain trimeric units. 


The present confirmation of octahedral co-ordina- 
tion of the complex in the crystal makes it desirable 
to re-examine deductions regarding the structure of 
nickel(L1) bisacetylacetone in the vapour phase and 
in solution. Shibata et al.*.* concluded from electron 
diffraction studies that the molecule is planar in the 
vapour phase ; the analysis is inconclusive, since the 
possibility of octahedral co-ordination was not con- 
sidered. The observed radial distribution curve does 
not agree well with that calculated on the basis of a 
planar model, and a rough calculation shows that an 
configuration is in reasonable agreement 
Isomorphism of nickel(IT) //sacetyl- 


octahedral 
with the data 


investigation’ of single erystals of 


a9 


Fig. 2 


Fig. | 


acetone and zine(I1) bisacetylacetone was also 
claimed’, whereas our single-crystal X-ray studies 
demonstrate orthorhombic and monoclinic sym 
metries respectively; the identification of the 
present erystal structure with a vellow high-tem 
perature modification® cannot be valid. 

Maki favours a planar structure of the complex in 
solution’; Jorgensen'' suggests that octahedral co 
ordmation results from two solvent molecules 
(benzene) interacting in the trans positions. Early 
molecular weight determinations in benzene made by 
one of us indicated molecular association; more 
accurate measurements (F. A. Cotton, private com- 
munication) appear consistent with a monomer 
trimer equilibrium. We believe that trimerization 
will occur as a means of achieving octahedral co- 
ordination, which could also be accomplished through 
solvent interaction with the monomer or dimer. 

The calculations for this work were carried out on 
the University of London Mercury computer. We 
wish to thank Mr. O. S. Mills and Dr. J. 8S. Rollett 
for making their computer programmes available to 
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SEPARATION OF UNIVALENT FRAGMENTS OF RABBIT ANTIBODY 
BY REDUCTION OF A SINGLE, LABILE DISULPHIDE BOND 


By Prot. A. NISONOFF*, G. MARKUS{ and F. C. WISSLER 


Departments of Biochemistry Research, Biology and Biophysics, Roswell Park Memorial Institute, 
Buffalo, 3, New York 


pP' IRTER'* has shown that hydrolysis of the rabbit 
antibody molecule with papain yields three 
fragments, two of which possess combining sites ; 
the third is mactive but erystallizable. He reported 
that the molecular weight of the inactive fragment is 
about 80,000, while that of each active segment is 
50,000 55,000. Evidence indicating that the two 
active fragments are univalent is their capacity to 
block precipitation in the homologous system; the 
observation of two chromatographically separable 
active fragments derived from the originally bivalent 
and the direct determination of valence 
maximum  hapten-binding 


molecule! ; 
by measurement of 
capacity®. 

It has been found by Nisonoff et al.‘ that succes- 
sive treatments of the antibody with pepsin at 
pH 4-8, and one of several disulphide-splitting reagents 
at pH8, where pepsin is inactive, similarly yield 
univalent fragments. These split-products exhibit a 
sedimentation pattern and coefficient (3-5 S) almost 
identical with those of a papain digest®, and are 
separated into two active and one inactive fractions 
on carboxymethyleellulose, under conditions identical 
with those used by Porter for a papain digest'. 
Proteolysis with pepsin alone causes a reduction in 
sedimentation coefficient from about 6-5 to 5 8, 
but the product is still bivalent, as indicated by the 
retention of capacity to precipitate specifically. 
Subsequent treatment with a reducing agent or 
eyanide yields fragments with 8 ~ 3-5. Strong 
evidence indicating that these fragments are univalent 
is discussed in ref. 5. It was therefore concluded® 
that the transformation from bivalent to univalent 
antibody was accomplished by the splitting of one 
or more disulphide bonds. 

Since papain, being a sulphydryl enzyme, 
always been used in conjunction with a reagent 
capable of splitting disulphide bonds, it appeared 
that a similar mechanism may exist in the digestion 
of rabbit antibody by that enzyme ; that is, removal 
of an inactive fragment by proteolysis, followed by 
splitting of the bivalent residue through reduction of 
one or more S—S bonds. 

Recently it has been found* that the molecular 
weight of the 5 S precipitating fragment formed by 
the action of pepsin alone is 106,000, while the average 
molecular weight of the univalent split-products 
formed by the further action of a disulphide- 
splitting reagent (2-mercaptoethylamine) is 56,000. 

In the present report data are presented indicating 
that this transformation can be accomplished by 
reduction of a single, critical disulphide bond. The 
results further indicate that this bond is exceptionally 
labile. 


has 


* Present address Department of Microbiology, University of 
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Three gm. of a y-globulin fraction’ of rabbit anti- 
ovalbumin was treated with 2 per cent of its own 
weight of pepsin at pH 4-5 in sodium acetate chloride 
buffer of ionie strength 0-14. After incubation for 
18 hr. at 37°, the mixture was adjusted to pH 8 and 
dialysed against 4 litres of cold saline borate buffer, 
pH 8, ionic strength 0-16. The major component was 
isolated by precipitation with sodium sulphate®. On 
examination in the ultracentrifuge a single peak was 
observed with 8... 5-1. The yield of protein was 
1-6 gm. or 53> per cent of the weight of y- 
globulin initially present. In the procedure the final 
dialysis was carried out against 0-06 VM sodium acetate 
adjusted to pH 7 with acetic acid. 

Two-ml. aliquots of this preparation, containing 34 
mgm. protein per ml., were adjusted to pH 5-0 with 
2 M acetic acid and treated with varying amounts of 
2-mereaptoethylamine hydrochloride (MEA) at this 
pH. Each reaction was allowed to proceed for 1 hr. 
at 37°. At the end of this period 1 ml. of 10 per cent 
trichloracetic acid was added to each of two 0-5-ml. 
aliquots taken from a reaction mixture. After 
standing for approximately § hr. each mixture was 
centrifuged and the precipitate was washed with 
two 1-2 ml. portions of 5 per cent trichloracetic acid. 
(It was found that MEA is soluble in 5-10 per cent 
trichloracetic acid.) The precipitate was then sus- 
pended uniformly in 1-2 ml. of saline borate buffer, 
pH 8, ionie strength 0-16. A O-1-ml. aliquot was 
removed for analysis of the protein concentration, 
and 1 ml. of suspension was dissolved in 30 ml. of 
the buffer used in the titration of sulphydryl groups*. 
The protein dissolved readily in each case and titra- 
tions were carried out immediately. 81-87 per cent 
of the protein was precipitated by trichloracetic acid 
in each experiment. More protein was precipitated 
from the supernatants during the next hour or two, 
but titrations were carried out early to minimize the 
possibility of re-oxidation of SH groups. Calculations 
of the number of SH groups per molecule were based 
on amounts of protein actually precipitated. As 
indicated, the procedure yielded duplicate values for 
the SH content of each sample. 

Titration of sulphydryl groups was carried out 
amperometrically according to the method of Benesch, 
Lardy and Benesch* using 4 10° M silver nitrate. 
To increase the availability of SH groups a detergent, 
0-5 per cent ‘Duponol C’, was added to the titration 
mixture®. In several preliminary experiments it was 
found that doubling the detergent concentration 
caused no further increase in the number of titratable 
SH groups. 

A control was run by precipitating the protem with 
trichloracetic acid without prior treatment with 
2-mercaptoethylamine. This was done in triplicate 
and gave a mean value of 0:75 mole of SH 
groups per mole of protein (molecular weight 
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106,000), deviation of 0-09 mole 
of SH. 

For the purpose of testing the effect of reduction 
on the sedimentation characteristics, aliquots of 
each mixture, after the reaction with MEA, were 
quickly cooled to room temperature and treated 
immediately with enough | M iodoacetamide to 
vield a final concentration of 0-04 M. In each case 
this represented an excess in molar concentration 
over that of the MEA present. The solution was 
adjusted to pH 7-0 and diluted to @ protein concen 
tration of 10 mgm./ml. with 0-1 M sodium acetate 
containing sufficient acetic acid to lower its pH to 
7-0. Samples were then examined in a Spinco model 
FE ultracentrifuge at a speed of 59,780 r.p.m. Runs 
were started within an hour after completion of the 
reaction with 2-mercaptoethylamine, except in the 
case noted below, where the effect of standing 
after treatment with iodoacetamide was tested. 

The effect on the sedimentation pattern of a 1-hr 
treatment with increasing amounts of MEA is shown 
in Fig. 1. The seo. values are indicated on the 
diagrams. With 0.014 M or 0:03 M MEA the break 
down tO 8:0. ~ 3-5 appeared to be complete. With 
0-006 M MEA 83 per cent of the protein was broken 
lown, while the transformation reached 66 per cent 
of completion with 0-004 M MEA. The latter run 
was repeated in the ultracentrifuge after the mixture 
had been allowed to stand overnight at room tempera- 
ture. There was no significant change in the pattern 
fourth photograph, Fig. 1). 

The correlation of these results with the number of 
new sulphydryl groups formed per molecule is 
indicated by the graph in Fig. 2. Complete break- 
down of the 5 S protein was associated with the 
formation of between 1-7 and 2-9 moles of SH 
groups per mole of protein of molecular weight 
106,000, which corresponds to the splitting of more 
than 0-85 and less than 1°45 disulphide bonds per 
molecule. 

It is of interest to compare the fraction of 5 S 
protein broken down with the fraction of a disulphide 
bond per molecule split, for the experiments in which 
the breakdown was incomplete. The assumption is 
made that two new SH groups correspond to the 
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0.004 M MEA 

ABOVE, AFTER 4 DAY 

0.006 M MEA 
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Fig. 1. Effect of 2-mercaptoethylamine hydrochloride (MEA) on 
the sedimentation characteristics of a purified peptic digest of 
rabbit antiovalbumin globulin Photographs taken 67 min 
ufter attainment of full speed (59.780 r.p.m.) in the Spinco 
model # ultracentrifuge The abbreviation IA refers to iodo- 
acetamide Each sample except the control contained 0-04 M 
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Fig. 2. Effect of 2-mercaptoethylamine hydrochloride (MEA) on 

1 purified peptic digest of rabbit antiovalbumin y-globulin. The 

molarity of MEA used is given on the graph. Each reaction was 
carried out for 1 hr. at 37° as described in the text 


reduction of one disulphide bond. The respective 
values are 0-66 versus 0-61 (0-004 M MEA), and 
0-83 versus 0-85 (0-006 17 MEA). The results indi 
cate that the conversion from a sedimentation 
coefficient of about 5 S to 3-5 S is associated with 
the reduction of a single disulphide bond, and that 
this bond is exceptionally labile. (If the assumption 
is made that the 5 S protein consists of Porter's 
fractions I and LU, his amino-acid analyses? would 
indicate that there are about 10-12 S-——S bonds in 
the molecule.) Previous measurements of molecular 
weights further indicate that the molecule is split 
roughly in half during this conversion’. 

Another characteristic of the conversion is that 
the molecule loses its capacity to precipitate specific 
ally and acquires the ability to block precipitation 
in the homologous precipitin reaction’. There is 
strong evidence that this is attributable to the 
univalence of the fragments resulting from treatment 
with a disulphide-splitting reagent®. In the present 
experiments a portion of each sample tested in the 
ultracentrifuge was dialysed overnight against 4 litres 
of the cold saline— borate buffer described above. The 
protein concentration was adjusted to 8 mgm./ml 
and 0-25 ml. portions (2 mgm.) were tested in dupli 
cate for their effect on the precipitation of 1-4 mgm 
of untreated antiovalbumin y-globulin with 
slightly than an optimum concentration of 
ovalbumin, in saline—borate buffer, pH 8. Each 
solution contained 40 ygm. of antigen and the total 
volume was 0-65 ml. Mixtures were refrigerated for 
five days. In the absence of fragments, 335 
7 ugm. of precipitate was formed. In the presence of 
the samples treated with 0-006 M, 0-014 M or 0-03 M 
MEA, no precipitate was formed. The sample 
treated with 0-004 JJ MEA caused a reduction from 
335 to 265 +. 6 ugm. of precipitate. This partial 
blocking may be ascribed to the fact that the sample 
was only partially reduced. 

None of these preparations caused any significant 
inhibition in a heterologous reaction, that of bovine 
y-globulin reacting with its rabbit antibody to 
vield 310 vgm. of precipitate. One of the preparations 
(reduced with 0-006 J MEA) caused an increase of 
25 per cent in the asnount of precipitate formed in the 
heterologous system. The reason for this apparent 
enhancement is not known. 

None of the MEA-treated samples formed @ pre 
cipitate when mixed with an amount of antigen 
that was optimal for the untreated 5 S protein, o1 
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with one-fourth this quantity of antigen. The 
limited amount of material available prevented further 
testing. However, previous work has shown that the 
3:5 S protein does not form specific precipitates 
when tested with a wide range of antigen 
concentrations®. 

In another control experiment it was found that 
treatment with 0-04 J iodoacetamide at pH 5, 
followed by dialysis, had no significant effect on the 
amount of precipitate formed by a given weight of 
the pepsin-treated antibody preparation used in these 
experiments. 

There is considerable evidence® suggesting that the 
univalent fragments formed by reduction of the 
peptic digest of rabbit antibody correspond to 
Porter's fractions I and II. The present results 
suggest that these fractions are linked in the antibody 
molecule by a single, highly reactive disulphide bond. 
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The results do not preclude the possibility that 
additional bonds, hydrolysed by pepsin, also link 
these sub-units, or that ot.er, weaker bonds may be 
involved. 

This work was supported by Grant E-2858 from 
the National Institutes of Health. 


' Porter, R. R., Nature, 182, 670 (1958). 
* Porter, R. R., Biochem. J., 73, 119 (1959). 
* Nisonoff, A., Wissler, F. C., and Woernley, D. L., Arch. Bioche, 
Biowhys., 88, 241 (1960). 
Nisonoff, A., Wissler, F. C., and Woernley, D. L., Biochem. Biophi« 
Res. Conmun,, 1, 318 (195.). 
Nisonoff, A., Wissler, F. C., Lipman, L. N., 
irch. Biochem. Biophys., 89. 230 (1960). 
* Nisonoff, A., Wissler, F. C., and Lipman, L. 
(1960). 
’ Kekwick, R. A., Biochem. J., 34, 1248 (1940). 
* Benesch, R. E., Lardy, H. A., and Benesch, R., J. Biol. Chem., 216 
663 (1955). 
Mar.us, G., and Karush, F., 


and Woernley, D. I 


N., Science, 132, 1771 


imer, Chem. Soc,, 70, 134 (1957) 


SOMATIC VARIATION OF AN 


ERYTHROCYTE AGGLUTINOGEN IN CHICKENS 
By S. L. SCHEINBERG and R. RECKEL 


U.S. Department of Agriculture, Agricultural Research Service, Beltsville, Maryland 


YOMATIC variation of a permanent nature may 
S arise from admixture of erythropoietic tissue 
during foetal life’. More recently, somatic mutation 
has been proposed to explain the presence of a low 
frequency of inagglutinable cells in a population 
composed predominantly of agglutinable  cells*.*. 
Somatic variation may also arise from events of a 
more transient nature, such as the coating of red cells 
by plasma as occurs in the ‘/’ substance of cattle* 
and the ‘R’ substance of sheep’. Evidence has been 
obtained that a hormone also plays a part in somatic 
variation of a red cell agglutinogen. 

A survev of 69 seed extracts which could be used 
as typing fluids for chicken red cells was carried out 
with the following results : 64 per cent did not react 
with the red cells of any of the chickens tested ; 
9 per cent agglutinated the red cells of all chickens 
tested ; 5 per cent hemolysed the red cells of all 
chickens tested and 22 per cent detected differences 
among individual chickens, 20 or more birds being 
used in these tests. Among the extracts which could 
distinguish the cells of individual chickens, those from 
Lathyri s cicera, the falcon pea, and Pis: m arvense, 
the Canadian field pea, gave identical reactivities with 
all birds tested; the substance detected by these 
extracts was designated ‘H;’. These extracts were 
found to agglutinate only the red blood cells of 
females. There were 54 males tested and all were 
found to be without reactivity ; however, the cells of 
75 of the 129 females tested were found to be reactive. 
Reactivity on the red cells was detected when the 
fernales reached sexual maturity. Among 7 females 
tested all hecame reactive after the onset of egg-laving 
and maximum macroscopic agglutination scores were 
reached from 14 to 31 days. 

A number of correlative studies (62) were carried 
out in which chickens were typed monthly or more 
frequently and the cumulative egg production 
recorded from one test period until the next. On 
the basis of these results the hens were placed in 


three classes ; those which were-laying or which had 
laid and whose cells were reactive; those that had 
never laid and whose cells had never shown reactivity: 
and the third class consisting of those hens whose 
cells were non-reactive regardless of the condition 
of laying. One bird was found the cells of which were 
reactive but which had not laid any eggs. An autopsy 
of this bird showed that she was an internal layer, 
for there were a large number of yolks in the body 
cavity ; therefore, this bird properly belongs in the 
first category. 


COMPARISON OF REACTIVITIES OF TERMINAL RED CELLS 


WiTd BONE MARROW CELLS OF No, M5702 
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_AMMILATIVE EGG PRODUCTION and AGGLUTINATION SCORE 
8 


102 \f° 
. 
SCORE 
A 
EGG PRODUCTION 
| 
é 
TIME IN MONTHS 
On DJF JA 
Fig. 1 


Fig. 1 presents the results obtained over a poriod of 
months with one of the 62 birds under investigation ; 
where the line is not continuous this indicates that 
information either on agglutination or egg production 
was not obtained for that date. It is evident that 
there is a relationship between egg-laying and the 
presence of the agglutinogen, since the score rises and 
falls when the egg production rises and falls and 
remains constant when the egg production is constant. 
There is a lag, however, between change in score and 
change in egg production which is most clearly seen 
for the month of January, when weekly and bi-weekly 
testing was carried out. A similar lag was observed 
when birds began egg-laying. The present hypothesis 
ix that the lag was a consequence of transformation 
to agglutinability which occurs in the bone marrow. 
Evidence for this hypothesis is presented in Table 1. 
As expected, under the replacement hypothesis bone 
marrow was found to be less reactive when the bird 
was ovariectomized and the terminal red cells were 
decreasing in reactivity but were still reactive, and, 
conversely, when the terminal red cells were low in 
immediately following the injection of 
the bone marrow cells were more 
reactive. Similar experiments have been carried out 
with other birds, and analogous results were observed 
in birds beginning to lav or going out of egg 
production. 

The basis for the association between egg-laying 
and the oceurrence of the ‘H;’ substance appears to 
be hormonal. In Fig. 2 it may be seen that the 
agglutination score decreases to zero following 
ovariectomy. When injections of diethylstilbcestrol 
were made, agglutinability increased and when injec 
tions of the hormone were discontinued the agglutin- 
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ability of cells declined. Injection of corn oil (the 
hormone solvent used) in an ovariectomized bird did 
not result in a rise in agglutinability, whereas injec- 
tions of hormones in two other ovariectomized birds 
gave marked increases in agglutinability as observed 
with No. N5792. All of these results paralleled the 
increase in agglutinability observed when birds began 
to lay or were coming back into egg production 
following a pause. 

Preliminary results from pedigree data indicate 
that the variation observed among the females with 
respect to the agglutinogen ‘H; also has a familial 
basis. Pedigree data were obtained from laying 
birds the red cells of which were non-reactive and 
from laying birds the cells of which were reactive 
Matings of non-reactive hens from a highly inbred 
line, from which all the hens tested were non-reactive, 
gave rise to 29 female progeny, all of which were non- 
reactive. Four other hens from the same line which 
were reactive gave rise to 29 female progeny, all of 
which were non-reactive. Four other hens from the 
same line which were dead at the time of typing had a 
total of nine female progeny all of which were non 
reactive. The three sires were from lines in which the 
females were non-reactive and one male was closely 
related to all the dams. Since it had been shown that 
diethylstilboestrol can cause an increase in agglutin- 
ability in females which were known reactors, it was of 
interest to determine whether the presumed genetic 
ally non-reactive birds could become reactive if the 
cestrogen-level were increased. Two females from the 
non-reactive progeny which were laying were given 16 
injections of diethylstilbeestrol, each injection con- 
sisting of 0-53 mgm. ; a third female, also laying from 
the same group, was given corn oil. The red cells 
of these three birds have remained non-reactive 
during the entire period of testing. These results 
suggest that there may also be differences in the red 
cells of the reactive and non-reactive birds not 
primarily due to the influence of hormone. 

Some results were also obtained from test-cross 
types of matings which demonstrate segregation in 
the offspring of some reactive hens. Sires were from 
families in which the female sibs or maternal parent 
were reactive and such males were mated to non- 
hens. The reciprocal matings were also 
made. A total of seven sires were mated to eleven 
dams and from these matings 12 reactive and IS 
non-reactive female progeny were obtained. Results 
were also obtained from matings (4 sires, 14 dams) 
in which the hens were not available for typing (they 
were either dead or had been culled) and the males 
were from lines in which the hens were reactive. 
Such matings produced 14 reactive female progeny, 
18 non-reactive female progeny and 3 progeny of 
questionable reactivity. 

These observations that the 
observed among the laying hens with respect to the 
‘H; substance is a function of the genotype and a 
hormonal factor extrinsic to the red cells. 

The results presented here will be treated more 
fully elsewhere. We thank Prof. M. R. Irwin 
for suggestions in the preparation of this com- 
munication. 
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NEW BOOKS: 


Applied Thermodynamics 


S. H. BRANSOM, Lecturer in Chemical Engineering and Thermodynamics, University of Birmingham 


A complete university degree Course introducing the fundamentals of physical chemistry and heat-engineering 
thermodynamics and their practical application in modern chemical technology. A book for all students of 
chemical technology and particularly for those studying chemical engineering and physical chemistry. 

vii-+-230 pp., 64 fizs., cloth bound edition, 30s. Student's paperhack edition 22s, 6d 


Process Characterization 
H. 1. WATERMAN, Prof. Emeritus of Chem. Technology, Technical University, Delft, in collaboration with 
C. BOELHOUWER and D. Th. A. HUIBERS 
This monograph continues the work begun in the authors’ Correlation Between Physical Constants and 
Chemical Structure and will interest research development workers in industrial chemistry for its economical 
aspect as well as for its scientific matter. Briefiy, the authors supply graphical statistical methods to analyse 

the distribution of products in chemical and physical operations—particularly in oil refining. 
(An ELSEVIER hook) iv + 140 pp., 107 figs., 38s 


Elements of Maser Theory 


4. A. VWUYLESTEKE, Senior Research Physicist, General Motors Corporation 


With the increasing use of this device, this book comes as a timely basic guide to the physica! theories on 
which maser theory is based. It includes all the concepts and mathematics necessary to an understanding 
of the basic subject matter. viv +362 pp., 32 figs., 71s. 6d 


Some lonospheric Results Obtained During the I.G.Y. 


The Proceedings of the 1959 Brussels Symposium, edited hy W. J. G. BEYNON 
Sixty papers discuss F2 layer phenomena, high latitude studies, disturbance, phenomena, tonospheric 
irregularities, N(h) profiles, absorption, drifts, atmospheric radio noise, whistlers, rockets and satellites. 
(4n ELSEVIER hook) vii ~ 401 pp... 266 fies., tables, 72s 


Smoking: Its Influence on the Individual and its Role in Social Medicine 
C. VAN PROOSDIJ, Consulting Physician. Foreword by Richard Doll, Med. Research Council 


Primarily a well documented study of the e‘Tects of smoking on the system; it is also a valuable sourcebook 
to the long and varied research on the problem. A separate chapter compares smoking with other forms of 
gratification. (4n ELSEVIER book) viii+ 319 pp., STs. 6d. 


Plant Disease Handbook, 2nd edn. 


C. WESTCOTT., Plant Pathologist 


More than 2,000 diseases are described and 1,043 host plants are listed together with recent findings and 
information on control and treatment vii +825 pp., 112 fies., 1Ols. 6d 


Detergents —a 19-language Glossary of terms used in the industry 
Compiled hy Dr. G. CARRIERE, Technical Officer, Unilever, Rotterdam. (ELSEVIER) 142 pp., 21s. 


A Primer of Space Medicine — a new ELSEVIER MONOGRAPH 
By M. P. LANSBERG, Head of E.N.T. Section, Datch National Aeromedical Centre. 165 pp., 15s. 
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Interscience @p) Publishers 


NEW VOR K LONOON 


ADVANCES IN 
ENZYMOLOGY — Volume XXII 


edited by F. F. NORD, Fordham University, New York 


Annually, each of a group of experts is invited to write an 
interpretative treatment of his own specialty within enzymology, 
and at least one will deal with a borderline subject. The authors 
summarize the present state of knowledge, discuss rival theories 
and often suggest possible lines of further advance. This 
volume maintains the high standards and international character 
of previous volumes, with contributions from four different 
countries. 


CONTENTS oe Genetically Controlled Differences in Enzyme Activity 4y J. R. S. Fincham, John 

Innes Horticultural Institunion, Hertfor 

The Active Site and Enzyme Action dy D. E. Koshland, Jr., Brookhaven National 
Laboratory 

The Induced Synthesis of Proteins 5y Harlyn O. Halvorson, Umversity of Wisconsin 

The Synthesis of Nucleotide Coenzymes by J. Baddiley & N. A. Hughes, King’s College, 
University of Durham 

The Synthesis and Hydrolysis of Sulfate Esters jy Alexander B. Roy, Universiry 
of Adelaide 

The Biochemistry of Sulphonium Compounds by Stanley K. Shapiro & Fritz Schlenk, 


Argonne National Laboratory 

105 * The Biosynthesis of Cholesterol by G. Popjik, Hammersmith Hospital, & J. W. Cornforth, 
National Institute for Medical Research, London 

574 pages Coenzyme Binding by Sidney Shifrin & Nathan O. Kaplan, Brandeis University 


Saulenchromatographie von Enzymen F. Turba, PAystologisch-Chemisches Institur 


der Universitat, Wiirzburg 
Author Index — SubjectIndex — Cumulative Indi to Vol I-xxll 
Volume I (1941) 75 Volume VI (1946) 90/- Volume XI (1951) 90/- Volume XVI (1955) 90 - 
II (1942) 75 - VII (1947) 90/- XII (1951) 90/- XVII (1956) 90/- 
IIT (1943) 75 - VIII (1948) 90/- XIII (1952) 83/- XVIII (1957) 79.- 
TV $1944) 75 IX (1949) XIV (1953) 90 - XIX (1957) 83 - 
V (1945) 68 - X (1950) 90/- XV (1954) 90 - XX (1958) 94 


Volume XXI (1959) 94 - 


METHODS OF 
BIOCHEMICAL ANALYSIS — Volume VIII 


edited by DAVID GLICK, Professor of Physiological Chemistry, University of Minnesota 


The current volume of this annual series which forms a 
collection of authoritative methods, procedures, and tech- 
niques for the determination and assaying of biologically 
important substances and systems. Judicious selection of 
topics emphasizes developments and innovations of current 
interest. The individual chapters are written by scientists 
who have either originated the methods described or have 
had intimate personal experience with the methods under 
discussion. 


CONTENTS Qualitative and Quantitative Determination of the Fatty Acids by Gas-Liquid 
Chromatography dy A. T. James, National Institute for Medical Research, London 
The Measurement of Luciferin and Luciferase by Aurin M. Chase, Princeton University 
Enzymic Analysis of Steroid Hormones fy Paul Talalay, The University of Chicago 
Aliphatic Ammonium Salts in the Assay of Acidic Polysaccharides from Tissues 4) 
. E. Scott, St. Mary's Hospital Medical School, London 
Isolation and Determination of Neuraminic (Sialic) Acids by M. W. Whitehouse. 
University of Oxford, & F. Zilliken, R.-K. Universiteit, Nymegen 
Determination of Porphyrins in Biological Materials by Samuel Schwartz, Marie H 
45 = Berg, Irene Bossenmaier, & Howard Dinsmore, University of Minnesota 
de in Vitro Frog Skin Assay for Agents That Darken and Lighten Melanocytes 4) 
Aaron B. Lerner & M. Ruth Wright, Yale Umversity School of Medicine 


410 pages Principle and Method of Heatburst Microcalorimetry and the Determination 
75 figures of Free Energy, Enthalpy, and Entropy Changes +y Charlotte Kitzinger & T.H 
ss tables Benzinger, National Naval Medical Center, Bethesda 

: Author Index — SubjectIndex — Cumulative Indices to Volumes I-VIII 
Volume I (1954) 83 Volume III (1956) 83 - Volume V (1957) 83/- Volume VII (199) 72 - 
II (19§5) 83 - IV (1957) 75.- VI (1958) 
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MACMILLAN 
BOOKS 


The interpretation of X-ray 
Diffraction Photographs 


N. F. M. HENRY, H. LIPSON and W. A. WOOSTER 


Since the publication of the first edition there has been a considerable development ot 
direct-projecion methods of X-ray diffraction. In this new edition chapters have 
been added on the precession method and on rotation-retigraph method. Chapters 
on the Weissenberg method have been rewritten and enlarged and minor changes 
have been made throughout the text. Illustrated with photographs and diagrams. 
Second Edition. 63s 


Selected Lectures in 
Modern Physics Edited by H. MESSEL 


Teachers and others who require a refresher course in the form of brief accounts of 
selected topics in physics will find this book of great value, as it covers recent develop- 
ments in many fields of modern physics. The lectures are not formal accounts of their 
subjects, but general discussions of such current topics as nuclear energy, physics in 
rain-making, radio astronomy, and cosmic rays. Profusely illustrated. 30s 


Elements of Physical Chemistry 
SAMUEL GLASSTONE and DAVID LEWIS 


In this revised edition the contents have been rearranged to provide a more logical 
presentation, whilst new material has been incorporated in each chapter. The book 
provides, at the elementary and within the scope of a degree course, a comprehensive 
physical chemistry in the light of modern developments in the science. 

Over 200 figures and tables. Second Edition. 60s 


Structural Concrete KURT BILLIG 


Following Professor Billig’s previous books, Prestressed Concrete and Precast Concrete, this 
present work aims to provide a Minor Encyclopaedia on Structural Concrete within a single 
volume. The layout of the book follows the scheme established by its predecessors, 
with materials, design, and construction dealt with in that order. 

164 figures, 73 photographs, 113 tables. 84s 
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Gas Chromatography Edited by 


H. J. Noepers, Beckman Instruments, Inc 
Proceedings of the Second International Symposium held R. F. Watt, Monsanto C hemical Compan) 
under the Auspices of the Analysis Instrumentation N. BRENNER, The Perkin-Elmer Corp. 
Division of the Instrument Society of America, June 1959, 
Michigan State University, East Lansing. March 1961, about 475 pp., illus. 4s. 
In addition to the thirty-four papers discussing this important analytical technique, one 
of the valuable contributions of this volume is the extensive bibliography of 1,533 entries 
These references do not duplicate the 442 included in the first volume, noted below, but 
consist of entirely new entries. That the number of references to the literature of the 
two years between the symposia is almost four times as great as those before the first 
symposium is a measure of the phenomenal growth in the use of gas chromatography 


Previous'y Published: 


Edited by 


Gas Chromatography V. J. Coates 
H. J. 


A Symposium held under the auspices of the Analysis Instrumentation 1. S. FAGERSON 
Division of the Instrument Society of America, August 1957, Michigan 
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An Introduction to the 
Scientific Study 
of the Soil 


The late N. M. COMBER., bD.sc., 
A.R.C.S., F.R.1.C. and 
W. N. TOWNSEND, B.sc. 


4th edition 

This book has been considerably altered and 
amended in the light of modern thought on the 
subject of the soil. The role of organic matter 
and micro-organisms in the development of soil 
profiles has been given greater prominence and 
the more important plant nutrients have been 
dealt with in more detail than before. 18s. net 


A Laboratory Handbook 
of Pulp and Paper 


Manufacture 
JULIUS GRANT, Ph.D., F.R.1.C. 


2nd edition 

Many new processes have been introduced in the 

last twenty years and the new testing methods 

have been critically assessed in this new edition. 
80s. net 


Fundamental Principles 
of Powder Metallurgy 


W. D. JONES, M.eng., Ph.D., F.1.M. 


This book is written with an authoritative 
approach derived from the author’s technical 
and commercial experience of the subject. Dr. 
Jones has realized that in future metallurgists 
and engineers will need a broader knowledge of 
powder metallurgy and has provided such 
knowledge in this monumental work. £7 7s. net 


The Physical 


Examination of Metals 


BRUCE CHALMERS, D.Sc., 
ph.p., F.inst.F. and A. G. QUARRELL., 


2nd edition 

Numerous examples are given of the various 
ways in which individual techniques may be used, 
and as far as possible the potentialities and likely 
future developments are indicated. Metallurgists 
will come to regard this work in its new form as 
an essential book of reference. £8 8s. net 


EDWARD ARNOLD 
(Publishers) Ltd. 
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Schwarz Memorial Volume 


ELECTRONICS 
FOR SPECTROSCOPISTS 


By members of the Photo- 
electric Spectrometry Group and of 
the Electronics Department 
of Southampton University 


* 


Edited by C. G. CANNON, B.SC., F.INST.P., 
with a preface by H. W. THOMPSON, F.R.S. 


Price 60s. net 


HILGER & WATTS LIMITED 
98 St. Pancras Way London NWI 


BACK ISSUES OF JOURNALS IN 
SCIENCE & THE HUMANITIES 


AL. WAYS REQUIRED BY 
Wwe. DAWSON a4 SONS, LTD., 
Back Issues Depr., 
16 STREET, 
FARNHAM, Surrey, ENGLAND. 
TEL: FARNHAM 4664 Casies: DAwBOOKS. FARNHAM 


SPICER’S ZIRCONITE 


MACHINABLE REFRACTORY 
e SOLVES A LOT OF PROBLEMS 
® SAVES A LOT OF TIME 
Machinable Alumina now available 
W. & G. Spicer Ltd., The Grange, Kingham, Oxon. 


TELEPHONE: KINGHAM 307 


WANTED TO PURCHASE 
Scientific books & periodicals 


Entire libraries, and smaller collections : 


sets and runs, foreign and domestic. 


WALTER J. JOHNSON, INC. 

111 Fifth Avenue, New York, 3, N.Y.. U.S.A. 
Cable Address: BOOKJOHNS, NEWYORK 

British Office: ACADEMIC BOOKS, LTD. 


17 Old Queen St., London, S.W.1 
WHItehall 6631 
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BOTANICAL 
SURVEY OF INDIA 


PUBLICATIONS 


1. BULLETIN OF THE BOTANICAL SURVEY OF INDIA 
B.O.B.S.1. (a) Inauguration number 1959. Price 
Rs.14.50 or £1 9s. or $4.50 nett 
(b) Annual subscriptions of subsequent 
volumes. Rs.32 or t3 4s. or $9.75 
2. INDIAN LOCAL FLORA (REPRINTED EDN.) 
(a) Flora of the Presidency of Madras 
by Gamble and Fischer, Dy.8Vo. 
Rexine bound in 3 vols. Price: 
Rs.14.75 or £1 9s. 6d. or $4.50 nett. 
(b) Flora of the Presidency of Bombay, 
by Cooke. Dy.8Vo. Rexine bound 
in 3 vols Price: Rs.17.80 or 
t1 1Ss. 9d. or $5.50 nett 


Please pay in advance and write to 


THE CHIEF BOTANIST 
BOTANICAL SURVEY OF INDIA 
14 Madan Street. Calcutta-13, India 


Books on pure 
AND APPLIED SCIENCE 


LARGE STOCK ALWAYS AVAILABLE 


Many of the books reviewed or 
mentioned in this journal are available 
from stock. Foreign books not in 
stock obtained to order with the least 
possible delay. 


Catalogues on application. 


Scientific Lending Library 


New books and latest editions available promptly 
ANNUAL SUBSCRIPTION, FROM fi - 17-6. 
Prospectus free on request 


Second-hand Books 


Large stock of recent editions 


Please state interests 


H. K. LEWIS & Co. Lid. 
LONDON: 136 GOWER STREET. W.C.! 


Business hours—9 a.m. to 5.30 p.m., Saturday to | p.m 
Telephone: Euston 4282 (9 lines) 


Two New 


MEDICAL BOOKS 


Cholera 
Its Pathology and 
Pathogenesis 


S. N. DE 


Professor De of the Department of Pathology, 
Medical College, Calcutta, has had a unique 
experience of cholera in Calcutta, which may now 
be regarded as the home of the disease. In this 
book he traces briefly the history of cholera, 
suggesting that the disease need not necessarily 
have originated in Asia. He then deals in detail 
with the pathology, pathogenesis and jexperimen- 
tal pathology of the disease. The work, which may 
be regarded as completely authoritative, will be of 
interest to clinical and pathological specialists in 
tropical medicine as well as to general readers in 
medicine, bacteriology and pathology. 


Publication 22nd February Price 25s 


Techniques in Tropical 
Pathology 


B. G. MAEGRAITH, W. E. KERSHAW 

and D. DAGNALL 

This handbook is intended for the medical prac- 
titioner and laboratory technician working in 
small laboratories in the tropics. It contains details 
of some of the simpler procedures which should 
be useful in the diagnosis of human diseases 
peculiar to hot climates. On the assumption that 
there will be access to fully equipped pathological 
or bacteriological laboratories brief accounts of 
certain more complicated techniques are given. 
Price 75s 


In preparation 


Prospectus for both books available 


OLIVER & BOYD 


TWEEDDALE COURT, 14 HIGH STREET, 
EDINBURGH. 
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A Symposium on 


Magneto-Fluid 
Dynamics’ 


Sponsored by the International Union of 
Theoretical and Applied Mechanics 

In co-operation with the National Academy 
of Sciences—-National Research Council. Held 
at Williamsburg, Virginia. and Washington, 
D.C., in January 1960. Containing 54 papers 
by internationally known authors on many 
aspects of this subject. Edited by F. N 
Frenkiecl and W. R. Sears 

Publication No. 829, 340 pages. illustrated, 
hard cover, $4. 


Available in January 1961 from 
Printing and Publishing Office 


National Academy of Sciences 


National Research Council 
2101 Constitution Avenue, N.W. 
Washington 25, D.C., U.S.A. 


32, no. 4, October 1960 Reviews of 
Modern Physics 


*Reprint from vol 


If you are interested in 


BLOOD BANKS 


ask for particulars of 


THE BRENTWOOD 


ROBERT C. SCUTT LTD. 
Designers and sole manufacturers ef 
““Brentwood”’ Blood Banks. 


LONDON, N.21. 
Svery enquiry is given personal 
attention by one of our Directors. 

Export Enquiries to: Dodwell & Co. Ltd., 


47 STATION ROAD, WINCHMORE HILL 
LABurnum 6262 


“ESCORUBBER” 


18 Finsbury Circus, London, E.C.2. 


BUNGS 


fusion and high standard laboratory work. 


ESCO (RUBBER) LTD. 


34'36 Somerford Grove, London, N.16 


RUBBER & SILICONE RUBBER 


Many sizes and qualities for Tissue Culture. Blood Trans- 


**GURR’S” 


Reagents has become world-famous. 


and refuse any other. 
Ask for catalogues 
GEORGE T. GURR LTD. 


A HANOVIA TECHNICAL 
FLUORESCENCE LAMP 
IN WHICH SHORT-WAVE 
ULTRA-VIOLET RAYS AT 
2537 AU. ARE APPLIED 
TO THE EXAMINATION 


OF CHROMATOGRAMS AND TO FLUOR- 


The “Chromatolite” as normally used, with fil- 
® tered radiation directed downwards on a standard 
2 wo-dimensional paper partition chromatogram. 


ESCENCE INVESTIGATIONS IN GENERAL Py Please write for details. 


ENGELHARD HANOVIA LAMPS 


BUCKINGHAMSHIRE - 


BATH ROAD - 


SLOUGH - 


is the Registered Trade Mark of 
GEORGE T. GURR LTD. 
Since 1915 **“GURR’S” brand of MICROSCOPICAL STAINS and 


if you want this world-famous brand specity *“*“GURR’S" 


NEW KINGS ROAD. LONDON. S.W.6 
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the ZEISS Spectrophotometer PMQII 


A Universal instrument for 

chemical analysis with: 

Flame attachment 

Remittance attachment RA 2 and RA 3 
Fluorescence attachment ZPM 4 
Chromatogram attachment 

Microcell attachment . Tubular cell 


Illustrated booklets of the range 
of ZEISS photometer equipment from: 


6, Cavendish Square, London, W.| 
Telephone: LANgham 6097 8 9 
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TRANSPARENT 
HIGH PURITY 


Stockists of 
TUBING, RODS AND LABORATORY | 
ITEMS FROM STOCK -VEEDER 


ROOT 
HAND TALLY COUNTERS 


FOREIGN 


DELIVERIES GUARANTEED « 
ONE TO TWO WEEKS For details, write or visit 


FROM HOSPITAL AND LABORATORY SUPPLIES LTD. 
KAREL HACKL 
211 Sumatra Road, London, N.W.6 Telephones: Clerkenwell 4840, 794 


Telephones : COMPLETE LABORATORY FURNISHERS 
SWISS COTTAGE 5656-8 
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This NEW Potentiometer 


shows exceptional 
DISCRIMINATION 


The Cambridge ‘“Micro-Step’’ Precision 
Potentiometer is another “thoroughbred” 
from Cambridge Instrument Company. It 
has very great discrimination over a single 
range of 2 volts, and is designed to meet the 
requirements of high sensitivity plus pre- 
cision, plus wide range. 


Readings are in steps 0.1n.V up to 2 volts 
and the instrument is constructed in the form SPECIFICATION: 
of a double potentiometer, but requires only 


RANGE: 2 volts 
one galvanometer. 


DISCRIMINATION: One part in 20,000,000 


WRITE FOR LIST S.A. 295N. ACCURACY: Better than + 0.001°% on 2 volt dial 
For future publications, ask for Mailing Form SMALLEST DIRECT READING: 0.000000! volt 
N/ 1/61. Temperature compensation for standard 


cell from to C to 35 C 


Cambtidge “Micro-Step” PRECISION POTENTIOMETER 


CAMBRIDGE INSTRUMENT CO. LTD., 13 GROSVENOR PLACE, LONDON, S.W.1 


The most efficient 
pump of its size 
180 g.p.h. at 14° head 


The “DAG” Mark | submersible pump. A very 
popular piece of equipment for laboratory work. 
It has a performance far in advance of any pump of 
its kind and size—from 500 g.p.h. at 4 ft. head to 
180 g.p.h. at 14 ft. head. And this pump is only 15 in. 
overall length, weighs only 6 lhs., and is powered by 
only a 125 h.p. motor. All submersible parts are in 
best quality stainless steel. It is sturdily made to give 
a long working life at low initial cost. Full details of 
“DAG” pumps sent on request. 


rHERE IS A RANGE 
OF FOUR MODELS 


Reg. Trade Mark. 


bD. A. GUNN LTD 
PARK ROAD NORTH, ACTON, LONDON W.3 
TEL. ACORN 4841-4 
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NATURE 


LETTERS TO THE EDITORS 


PHYSICS 


Space-Charge Currents in Gallium Arsenide 


Mott and Gurney' pointed out that an msulator 
should be able to carry an electronic current if 
electrons were injected into it by a suitable contact. 
Such currents were observed experimentally by 
Smith and Rose* in cadmium sulphide crystals. They 
showed that an essential condition was that the 
‘deep trap’ density should be low, deep traps being 
centres with energy-levels well below the conduction 
band which can accept electrons. In a recent com- 
munication’ a model was proposed to account for the 
properties of semi-insulating gallium arsenide. The 
model suggested that in this material the above 
condition should be satisfied, and as a result it was 
predicted that space-charge currents should be 
observable. Here we present experimental results 
confirming the correctness of the prediction. 

Wafers of semi-insulating gallium arsenide were 
prepared from bulk ingots by cutting, grinding and 
etching. Typical dimensions were 3 * 3 x 0-15 
mm. Tin contacts of 0-5 mm. diameter were alloyed 
at the centres of the two large faces. This configura- 
tion makes any surface leakage paths between con- 
tacts long. A current-voltage plot taken under 
d.c. conditions at room temperature for one such 
specimen is shown in Fig. 1. In the region in which 
current increases rapidly there were some changes 
with time, and Fig. | shows steady-state values. 

Lampert has given the theory for space-charge 
currents when @ single trap-level is present, and 
we may readily adapt his theory to our model for 
gallium arsenide. At low voltages any injected 
charge is trapped, and to a good approximation 
Ohm's law is obeyed. At high voltages space-charge 
due to traps is small compared with that due to 
injected carriers and the variation of current with 
voltage is given by the solid-state analogue of Child's 
law! : 


= (1) 


The ohmic and space-charge regions are connected by 
a region in which the current increases by several 
orders of magnitude for a small change of voltage. 
The voltage at which this occurs, called by Lampert 
the ‘traps-filled-limit’ voltage, is just the change in 
potential produced by the space-charge of the filled 
traps, that is : 


—— LYN Np) (2) 


For the specimen the characteristic of which is 
shown in Fig. | the magnitude of the space-charge 
current agrees with that given by equation | within 
a factor three, which is within the limits of experi- 
mental error. Since in this case the thickness L was 
0-12 mm., the unfilled trap density 4 Np is 
found from equation 2 to be 8 10°° cm.-4. 

For another specimen from a different ingot the 
value Very, was measured and found to be 60 V, 


SPACE—CHARGE 


LAW 


4 
4 


Current amp.) 


2 
Voltage 


Current-voltage curve for gallium arsenide showing ohmic 
and space-charge regions 


Mr. N. A. C. Thompson, of this Laboratory, has 
measured the resistivity and Hall effect as a function 
of temperature for specimens cut from the same ingot. 
From equation 2 we determine N 4 Np at room 
temperature to be 3-8 10°? em. *. Applying the 
analysis of ref. 3 to Mr. Thompson's measurements, 
we find y+ 1, which measures the proportional 
departure from exact compensation, to be 5 10-* 
Now : 

N,—Nop 
1 
so by combining space-charge and Hall effect measure- 
ments we find Np, which for this particular specimen 
turns out to be 8 x 10"? em.-, a rather high value but 

not improbably high. 

Thus a model in which acceptors at a level deep 
in the energy-gap are auto-compensated by shallow 
donors seems a reasonable first approximation in 
explaining not only the Hall effect but also the space- 
charge currents in semi-insulating gallium arsenide. 
It would be interesting to know if a similar mechanism 
could explain the low trap density observed in 
cadmium sulphide, but the relevant measurements of 


Np (3) 
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carrier concentration as a function of temperature Whisker Growth from Quartz 

to be available. WaiskER growth and associated phenomena have 
Thompson for the use of his experimental results. y~ ¢ R Nabarro and P. J. Jackson! They cited 
Acknowledgment is made to the Admiralty for per- ef growth metallic 


mission to publish this communication. phides and hydroxides along with the more usual 

J. W. ALLEN growth in metals. Whisker growth from fused 

R. J. CHERRY quartz, apparently an unreported phenomenon, is 

Services Electronics Research Laboratory, unusual due to the vitreous nature of the substrate 

Baldock, Herts. The whiskers are shown in Fig. 1. Large single 

‘Mott, N. F., and Gurney, R. W., “Electronic Processes in lonie Whiskers and clusters of shorter ones grew from 

Crystals” (Oxford, 1940). discrete places on the substrate. The quartz was 

B. W., and Res, A.. Page. OF, 1581 (1066) heated in a ‘Zireo’ tube through which flowed 1 litre 
Allen, J. W., Nature, 187, 403 (1960). > : Mm: 

min. of dry nitrogen. The temperature was approx- 


* Lampert, M. A., Phys. Rev., 108, 1648 (1956). 
imately 1,425° C. and time for the growth was 24 hr 


Immediately adjacent to the whiskers was a dense 
Hyperfine Splitting of Rubidium-87 patch of pine tree - like dendrites. The whiskers 
; ranged in length from millimetre to micron size 

Rusrprum has been used in the development of 
gas cell frequency standards, and from measurements 
of the variation of frequency with the pressure of the 
buffer gas used in the cell it has been deduced! that 
the frequency corresponding to zero gas pressure is : 


6 834 682 608 c./s. 7 c./s. 


where the second of time is that giving 9 192 631 770 
c./s. for the cwsium hyperfine structure splitting at 
zero field?. It has been found, however, that when 
cesium is used in a gas cell the extrapolated fre- 
quency is 30 ¢./s. lower than the value given above 
obtained by an atomic beam experiment*. There is 
therefore considerable interest in the atomic beam 
value for rubidium. For this purpose the oven of 
the long beam chamber‘ at the National Physical 
Laboratory was filled with a mixture of rubidium-87 
and cesium-133. A strong beam of atoms was 
obtained at an oven temperature of 120° C., and the 
application of the appropriate radio frequency pro- 
duced, alternatively, resonances of the rubidium or 
cwsium atoms. The amplitude of the cesium reson- 
ance was 50 per cent greater than that of rubidium, 
the higher vapour pressure of cwsium presumably 
compensating for the fact that a greater proportion 
of the rubidium atoms take part in the resonance. 
In both cases the signal to noise ratio was adequate 
for the precise measurement of the frequencies corre- 
sponding to the resonance peaks. The rubidium 
resonance, which was 71 c./s. wide, was excited in 


Fig. 1. Quartz whiskers, ( 15) 


The quartz substrate from which these whiskers 
grew had a skin of devitrified quartz covering its 
surface due to regular use at elevated temperatures. 
There was silicon material placed on the substrate 
near the growth area. There is no apparent evidence 
to point to how the whiskers grew either from the 
base or at the tip. However, the devitrified skin 
afforded the conditions for nucleation. 

Further work and mechanical tests will be under 
taken on these whiskers. 


cavities independently tuned and separated by a R. J. Jaccopinre 
distance of 254 em. It was slightly asymmetrical, R. K. Kirwe 
but the asymmetry was measured and a correction 

applied. The value on the atomic time-scale corrected Bell Telephone Laboratories, Incorporated, 

for the asymmetry and magnetic field is : Allentown, 


rlar 
6 834 682 614-0 1 
' Proce, Int. Conf. Crystal Growth, 13 (J. Wiley and Sons, 1058) 
it is proposed to continue measurements of the two 
atomic transition frequencies. 
This communication is published by permission Simple Methods for preparing Pointed 
of the Director of the Laboratory. Filaments for the Electron Microscope 
L. Essen 
E. G. Hope 
D. SUTCLIFFE 


Tue performance of electron guns used in the 
electron microscope has been studied by Haine and 
EKinstein', Boersch and Born*, and others. The 
present indications are that pointed filaments improve 
this performance. The first of these filaments was 
Dente, ©. Dp Beaty, E. C., and Chi, A. R., Phys. Rev. Letters, 1 prepared by Hibi* by hand-polishing or etching a short 
Markowitz, Wm,, Hall, R. G., Essen, L., and Parry, J. V. L., Phys. length of tungsten wire which was welded or other 

Reo. .ctters, 1, WS (1955). wise attached to a conventional hairpin filament 
Beaty. E. C., Bender, P. L., and Chi, A. R., Phys. Ker, M2, 450 acording to Miiller’s method. Heating was obtained 


(1958). 
* Kesen, L., and Parry, J. V. L., Nature, 184, 1791 (1959). by conduction from the hairpin. 


National Physical Laboratory, 
Teddington, Middlesex. 
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The main disadvantage of the Hibi filament is that 
it is difficult to prepare and much may depend on 
the skill of the operator. The present communication 
describes a very simple method by which pointed 
filaments may be quickly prepared by any operator. 

The basis of the method is to make a point on a 
conventional hairpin filament. This may be achieved 
in two ways, either by straightforward grinding or by 
pinching to make the filament thinner at the tip, 
tollowed by grinding. Details of the methods are as 
follows : 

(1) A small disk of fine emery paper (grade ‘Corosil’ 
600 or 900), about 3 em. in diameter, is stuck to a 
metal disk and fitted to an electric motor which can 
revolve at 1,000-3,000 r.p.m. Four flats are ground, 
according to Figs. 1 and 2. The angles are not 
critical but should be about 120° in the front view 
(Fig. 1) and 70 in the side view (Fig. 2). Grinding is 
facilitated if a low-power lens is used and the follow- 
ing sequence is adopted: (a) Grind the faces in 
Fig. 1 so that a sharp point is obtained. Material is 
removed rapidly in this case. (6) Grind the faces in 
Fig. 2. More time is required to produce a point in 
this case. (c) Inspect under a 10 lens, and if the 
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point appears blunt from the front (Fig. 1) touch the 
faces on the revolving disk for a very short time. 
d) Inspect the filament from the side (Fig. 2) and 
if this point appears blunt regrind very lightly. 


5 


With a little practice a sharp point can be obtained 
in about 2 min. Care must be taken not to grind 
away more than half the diameter of the wire or 
premature burn-out will occur. This type of filament 
will be referred to as a ground filament. 

(2) A much sharper point can be obtained by 
pinching a filament (not pre-heated im vacuo) at the 
tip before grinding. using a pair of smooth-faced 
pliers ; the filament tip is inserted so that only 
about 0-5 mm. is gripped by the pliers. After 
exerting a sufficiently high pressure the tip will be 
plastically deformed to the shape shown in Figs. 3 
and 5, the latter showing that it is in the form of a 
thin foil. Before removing the filament from the 
pliers it is desirable to ensure that the deformed tip 
has not been bent over, otherwise it must be straight- 
ened. It is important that the pliers should be 
properly hardencd, otherwise the tip will not be 
tlattened sufficiently 
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Grinding is carried out with the same assembly as 
before, but it is desirable to use a finer grade of 
emery paper. A suitable sequence is as follows: (a) 
Touch the foil faces against the rotating wheel to 
produce the fine point shown in Fig. 5. (6) Grind a 
point subtending an angle of about 90° on the foil 
periphery (Fig. 4). (c) If the point shown in Fig. 5 
has become blunt on inspection with a x 10 lens, 
regrind very lightly. (d¢d) Retouch the other two faces 
if necessary. 

The process can be carried out in 2 or 3 min., as 
the grinding is easier to carry out than in the first 
method. These filaments will be referred to as 
pinched filaments. 

Consideration of the following general points may 
help to ensure satisfactory results: The lens used 
to view the grinding wheel must provide a magnifica 
tion of about 5. A telescope is satisfactory, 
provided that the image is not inverted, otherwise 
the handling of the filament becomes very difficult. 
The use of a rheostat to vary the motor speed is 
valuable if there is a tendency to grind away too 
much material from the tip. If a large number of 
filaments are to be made, it may be convenient to 
make up a simple jig with a swinging arm to hold the 
tilament. Mounting the filament in a metal block 
will facilitate handling and improve grinding accurac, 
if a jig is not to be used. Filaments with a shar} 
bend at the tip give best results. 

It is obvious that there is little flexibility in the way 
a filament can be ground, except perhaps in the case 
of the pinched type. Here some variation of angle 
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and amount of material removed can be achieved, 
though generally with little effect on performance. 

Before use, both types of filament should be heated 
to 2,500° C. It is, of course, very important 
that nothing should be allowed to touch the point, 
otherwise it will be damaged and the efficiency of the 
filament impaired. 

The centring of the Hibi type of filament is critical, 
and this is also the case with ground and pinched 
filaments. All filaments have a tendency to move to a 
certain extent so that, particularly during the first few 
minutes of operation, it will be found that the electron 
gun requires frequent re-alignment. Some trouble 
can be saved by turning both filament and H.T. 
supplies on for a few minutes before operation ; this 
will give the filament a chance to settle into a stable 
position. 

The Hibi filament provides increased coherence im 
the electron beam, which is also the case with ground 
and pinched filaments. This is demonstrated by Figs. 
6 and 7, which are electron micrographs ( ~ 180,000) 
of under-focused Fresnel fringes taken with standard 
and pinched filaments respectively. Both condenser 
lenses were switched off for these experiments in 
order to have easily reproducible illumination condi- 
tions. On the original prints, three fringes were 
visible with the standard filament, and five with the 
ground and pinched types. 

The increased brightness may be due to either an 
increased source temperature or to a reduction in space- 
charge effects on the emission. The temperatures of 
these pointed filaments have not yet been measured 
so that a full explanation cannot be attempted. In 
yveneral, qualitative observations agree with the 
detailed results of Swift and Nixon’. 

I am grateful to Mr. T. Mulvey for valuable help 
and discussion, and also to Dr. T. E. Allibone, director 
of the Laboratory, for permission to publish this 
communication. 


vacuo. 
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METALLURGY 


Production and Mobility of Point Defects 
in Titanium and Zirconium 


ELECTRICAL resistivity measurements have been 
made by many workers on quenched, irradiated or 
plastically deformed metals, in order to study the 
production of defects by these various treatments. 
By observing the recovery of the resistivity on 
annealing, it is possible to study the mobility of the 
various defects out of the material or to internal 
sinks. In this communication we present 
results on the mobility of defects, introduced by 
low-temperature plastic deformation in titanium and 
qircomium. 

Polyerystalline titanium and = zirconium wires 
(of a purity of about 99-9 weight per cent), were 
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strained in tension at 78° K., and the extra resistivity 
introduced by the plastic strain was measured at the 
test temperature as a function of the strain. The 
increase in resistivity expressed as a percentage of 
the original resistivity at 78° K. was approximately 
8% per cent for titanium and 5 per cent for zirconium, 
both due to a tensile strain of 6 per cent. Strained 
wires were then annealed for 15 min. at 78° K., 
195° K. and room temperature, the resistivities after 
each anneal being measured at 78 K. After the room- 
temperature anneal, more than 50 per cent of the 
extra resistivity introduced by the plastic deformation 
was annealed out in the case of titanium, whereas 
the corresponding value for zirconium was 30 per 
cent. These recoveries of resistivity showed that 
there was appreciable mobility of defects below room 
temperature, these having been produced by plastic 
deformation. In the ease of zirconium, such mobility 
has been observed previously for defects produced by 
irradiation ; for Zartman' has bombarded zirconium 
with deuterons at 170° K. and observed a 60 per 
cent recovery of electrical resistivity on annealing 
at room temperature. 

A very surprising feature of this work was that, for 
titanium, the resistivity was in fact recovering at the 
temperature of deformation, 78 K. This effeet was 
not observed in zirconium, but we believed that in 
this case the recovery might occur too rapidly to 
be detected by annealing tests at the temperature of 
deformation. 

To test this possibility, wires of both titanium 
and zirconium were strained in tension at 20° K., 
and the extra resistivity introduced by the plastic 
strain was measured at 20° K. as a function of the 
strain. The increase in resistivity expressed as a 
percentage of the original resistivity at 20° K. was 
approximately 30 per cent for titanium and 60 per 
eent for zirconium, both due to a tensile strain of 
6 per cent. The wires were then annealed for 15 
min. at 20° K., 78° K. and room temperature, the 
resistivities after each anneal being measured at 
20° K. It was observed, both for titanium and 
zirconium, that whereas there was apparently no 
recovery at 20° K., approximately 20 per cent of the 
resistivity introduced by the 20° K. deformation was 
recovered after the 78° K. anneal. 

This recovery, at temperatures below 78° K., of 
resistivity introduced by plastic deformation in the 
hexagonal metals titanium and zirconium, is in 
marked contrast to the behaviour of the face 
centred-cubie metals, copper, nickel and gold, where 
there is essentially no recovery of resistivity after 
plastic deformation at low temperatures*. In these 
metals, recovery of resistivity below 78° K. is only 
observed after very heavy deformation, when some 
slight recovery does occur in the temperature interval 
up to 78° K., the recoverable fraction of the resistivity 
increasing with increasing strain. Of course, there is 
substantial annealing in the face-centred-cubic metals 
below 78° K. (the so-called stage I), when the damage 
giving rise to the resistivity is caused by irradiation 
with electrons, deuterons or neutrons®. 

Although it may not be altogether valid to compare 
energies for the movement of various defeets in the 
hexagonal and face-centred-cubic structures, or to 
compare the temperature ranges in which they 
move, it is interesting to speculate why there is a 
difference between the two structures. It would seem 
that, in our experiments, isolated interstitial metal 
atoms are produced by plastic deformation, and that 
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these then migrate at the low temperatures involved ; 
whereas in the case of the face-centred-cubic metals 
the experimental evidence indicates that they are not 
produced*. This difference might be related to a 
difference in stacking fault energies, for in the 
hexagonal case where slip occurs mainly on the 
{1OTO} prism planes, the dislocations should have 
a relatively high stacking-fault energy, probably 
much higher than copper, nickel or gold. Support 
for this idea is provided by the results obtained for 
aluminium’, a face-centred-cubic metal with a very 
high stacking-fault energy ; for Sosin and Koehler 
have found that if aluminium single crystals are 
deformed in tension to an elongation of 15 per cent 
at 4° K., then there is a 10 per cent recovery ot 
resistivity on annealing at 78° K. One would ex- 
pect the effeet to be much greater for poly-crystals, 
where the operation of intersecting slip systems can 
cause increased production of point defects. 


SMITH 
M. S. Strada 
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Seeger, A., Second Geneva Conf 
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Koehler, J. S., Henderson, J. W., and Bredt. J. H 
Recovery”, 1 (American Society for Metals, 1957). 
‘Cottrell, A. H., symposium on Vacancies and Other Point Defects 
in Metals and Alloys, Institute of Metals, London, 1 (1958) 
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Peaceful Uses of Atomic Energy 


“Creep and 


Initiation of Fatigue Cracks in Beta-Brass 

FATIGUE cracks have been seen to be initiated in 
slip bands, twin boundaries and grain boundaries, 
ina number of investigations on the fatigue behaviour 
of metals! *. 

During recent work on the fatigue behaviour of 
beta-brass a different mode of fatigue crack initiation 
has been which has not been reported 
previously in the literature. Certainly, it does not 
occur in the case of fatigued copper. 

Beta-brass was chosen because of the lack of 
knowledge of the fatigued behaviour of body-centred 
cubic metals.  Polyerystalline material, with an 


average grain-size of 2 mm., has been fatigued in 


observ ed, 


Fig. 1. 
initiated in short 
boundars 


Surface of fatigued beta-brass specimen. Fatigue cracks 
slip markings adjacent to one side of a grain 
Oblique light. (= 1.360) 
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Fig. 2. Surface of fatigued beta-brass specimen, Extrusions on 
short slip markings adjacent to both sides of a grain boundary 
1070) 


Fig. 3 Surface of fatigued beta-brass specimen. The same area 

as shown in Fig. 2 after extrusions and slip removed by electro- 

polishing. Persistent markings, that is, incipient cracks 
(* 1070) 


reverse plane bending at a frequency of 8,400 c./min. 
Specimens in the form of cantilevers were mechanic - 
ally polished with care and finally electro-polished 
prior to fatiguing. 

One of the main observations has been the initia- 
tion of fatigue cracks and the formation of extrusions 
in short-slip markings, which form adjacent to grain 
boundaries, and in the majority of cases at an angle 
to the main slip. These cracks are afterwards propa- 
gated into and the grain boundaries and 
frequently become linked together. 

The most unusual features of this phenomenon 
are that these cracks form at an angle to the main 
slip but not in the main slip, and that they form 
adjacent to the grain boundaries but not in the grain 
boundaries (Figs. 1, 2 and 3). 

Further work leading to a model for the mechanism 
is in progress. 
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RADIATION CHEMISTRY 


Production of Pyrazine Derivatives in the 
Radiolysis of Aqueous Solutions of the 
Cyclic Dipeptides 
RADIATION-INDUCED reactions in aqueous solutions 
of amino-acids, peptides, and related compounds have 
been treated in a number of reports from this Labora 
tory’. In connexion with th’s work, we have had 
occasion to examine the effects of y-irradiation on 
the ultra-violet absorption spectra of solutions of 
various simple peptides. The measuroments reveal 
that solutions of the eyclie dipeptides under specific 
conditions pronounced and characteristic 
post-irradiat ion changes. If, for example, an oxygen 
free solution of alanine anhydride is irradiated and 
examined spectrophotometrically, the differential 
spectrum (read against unirradiated solution) shows 
negligible absorption above 2600 A. so long as the 
solution is not exposed to the atmosphere. However, 
if oxygen is introduced, an absorption maximurn 
in the longer wave-length region slowly appears 
This post-irradiation change is accelerated by addition 
of either acid or base. In neutral and basic solution 
the absorption maximum is at about 320 my; in 
acid solution the maximum shifts to 340 mu. This 
shift is reversible, and the evidence is that the final 
yield of the absorbing species is essentially inde 
pendent of the pH of the solution during the post- 
irradiation oxidation. Solutions of glycine anhydride 
exhibit quite similar properties except that the wave 
length of maximum absorption (320 my) is indepen- 
dent of pH. It is also to be noted that these post- 
irradiation changes are not observed if oxygen is 

present during irradiation. 

We believe the phenomenon involves the radiation- 
induced reduction (and subsequent dehydration) 
of the diketopiperazine molecule (I) to the corre- 
sponding | : 2-dihydropyrazine derivative (IL) which 
ia of a class of compounds known® to be readily 
oxidized (that is, in air) to the corresponding pyrazine 
structure (ILD) 


exhibit 


6-dimethylpyrazine (IIL) 
alanine anhydride 
2104, 


been 


Isolation of 2-hydroxy-3 : 
from an irradiated solution of 
(Nutritional Biochemicals Corporation, Lot 
recrystallized three times from water) has 
effected. The irradiated solution was lyophilized, 
and an appropriate aliquot of a methanolic solution 
of the residue was transferred to a filter-paper strip, 
and then chromatographed in a butanol-ammonia 
At low radiation dosages a single 
observed 


solvent system?. 
fluorescent compound 
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NcOH 


Optical density 
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Wave-length (my) 


Fig. 1. Absorption spectra of authentic 2-hydroxy-5 : 6-di-methyl- 
pyrazine (©) and of product isolated from irradiated solutions 
of alanine anhydride (@) 


This was eluted and compared spectrophotometrically 
with authentic material prepared according to the 
method of Baxter and Spring‘. Fig. 1 shows a 
normalized plot of the results. Co-chromatographi« 
studies of the authentic material and the isolated 
irradiation product fully support the identification 
The initial yield of 2-hydroxy-3 : 6-dimethylpyrazin« 
in 0-1 M alanine anhydride corresponds to a G-valur 
of ~ 0-4 (cobalt-60 y-rays ; 7 10'* eV./ml.). 
This work was performed under the auspices of the 
U.S. Atomie Energy Commission. 
MATHILDE KLAND-ENGLISH 
WARREN M. GARRISON 


Crocker Laboratory, 
Lawrence Radiation Laboratory. 
University of California, 
Berkeley, California. 
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CHEMISTRY 


Porous Glass Chromatography 


CHROMATOGRAPHIC separations have now been 
achieved using porous glass' as a medium. Its extreme 
inertness, optical transparency, and small pore 
diameter (about 4 mu) suggested this usage. Initial 
results strongly indicate that unusually fine chromato 
ygrams can be obtained with this material. Other 
than in the choice of medium, there is little difference 
between the techniques described here and thos: 
commonly used in paper chromatography. 

The present investigation has been concerned wit! 
the characterization of fountain-pen inks. The 
procedure is quite simple, consisting essent ially 
of four steps. First, a 2-ul. sample of ink is 
placed about one-half of an inch from the edge of « 
small (3 in. 3 in.) piece of porous glass. Secondly, 
the glass is exposed to the vapours of the liquid 
solvent to be used for development for | hr. Thirdly. 
the sample edge of the glass is dipped into the solvent 
almost up to the spot of ink and held in this position 
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Fig. 1. Chromatographic cell 

for about 24 hr. as shown in Fig. 1. Fourthly, and 
lastly, the glass is removed, wiped dry with a soft 
cloth, and placed in a warm place to remove com- 
pletely the absorbed moisture. 

Chromatograms resulting from this procedure have 
yielded excellent separation of the individual con 
stituents depending on their relative solubilities, 
molecular sive and shape, and relative retardation 
effect to the porous medium. Examples of chromato 
grams of five ink samples are illustrated in Fig. 2. 

Unfortunately, a black-and-white reproduction of 
these porous glass chromatograms does not do justice 
to the colourful results which were actually obtained. 
Sample No. 41, for example, Carter's 986 black ink, 
resulted in a blue spot where the original sample was 
placed, a deep green over this, followed by orange 
and finally a rose or violet on top. 

The other inks shown in Fig. 2 are identified : 
No. 38, Waterman’s new permanent black; No. 39, 
Waterman's old permanent black: No. 42, Higgin’s 


30 


24 hr. 20 


6 
38 39 41 42 50 


Fig. 2. Porous glass chromatogram 
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No. 812 eternal permanent black ; 
No. 99 permanent black. 

There are several advantages in the use of porous 
glass as compared to conventional paper for a chroma 
tographic medium. Very high surface area of porous 
glass (about 150-200 m.? per gm.) confines the sample 
to a small area due to immediate drying. This, in 
addition to longer development time, provides 
improved resolution or definition of the bands. 
Porous glass can be used with nearly all solvents 
except hydrofluoric acid and strong alkaline solutions 
Being an inorganic inert material, organic contamina- 
tion is at a minimum and pyrolysis rates of specific 
components have been observed as individual bands 
changing in appearance. Porous glass chromatograms 
van be permanently filed for reference. Optical 
measurements, includ ng transm’ssion, reflectance 
and fluorescence, have been made directly on the dry, 
transparent porous glass after the chromatographic 
separations have been accomplished. 

The original interest in the use of porous glass as a 
chromatographic medium has been a result of my 
interest and activity in the field of criminology. It 
must be pointed out, however, that this medium is not 
in any way limited to the characterization of fountain 
pen inks. The separations and /or purification of body 
fluids, virus, bacteria and other serological fluids 
which may be obtained due to their actual molecular 
dimensions must be investigated. Observations have 
been made which establish the fact that certain mole 
cules are too large to pass through the small holes in 
porous glass. Finally, the use of this medium as a 
support for electrophoretic separations offers possi 
bilities as yet unexplored. 

HerBert L. MacDone. 


No. 50, Carter's 


Research and Development Division, 
Corning Glass Works, Corning, New York. 


Nordberg, Martin E., J. Amer. Ceramic Soe., 27 (10), 299 (1944) 


Two New Amino-Sugars from an Antigenic 
Polysaccharide of Pneumococcus 

THovucH a large number of antigenic capsular 
polysaccharides of Pneumococeus are known to con- 
tain one or more amino-sugars', in only one case, 
namely, 2-amino-2-deoxy-D-glucose (D-glucosarmine) 
from type XIV polysaccharide’, has the amino-sugar 
been isolated and characterized. Two am no-sugars, 
designated ‘pneumosam'ne’ and ‘amino-sugar 
have been isolated from purified Type V Pneumococcus 
capsular polysaccharide’, and preliminary investiga- 
tions, which included analysis of the crystalline 
N-acetamido alcohol derivatives, indicated that 
both sugars were 2-amino-2,6-dideoxyhexoses. Kuhn- 
Roth determinations on ‘N-acetylpneumosaminol’ 
(1-52 moles CH,) and on ‘amino-sugar X’ (0-68 
mole CH,) support the postulated 6-deoxyhexosamine 
structure. The sugars have now been tentatively 
identified as 2-amino-2,6-dideoxytalose (pneumos 
amine) and 2-amino-2,6-dideoxy-L-galactose (amino 
sugar X). The sugars were isolated from a polysac 
charide hydrolysate (hydrolys's conditions: 2 N 
hydrochloric acid, 24 hr., 100°) by chromatography 
on ‘Dowex-50’ resin‘. The acidic effluents were 
neutralized with “Deacidite (carbonate form), 
lyophilized and the syrupy residues dried in vacuo 
over phosphorus pentoxide. Treatment of the 
‘pneumosamine’ residue with methanol gave ‘pneu- 
mosamine hydrochloride’ melting point 162-3° (from 


methanol- ether) ; 6-9° (10 min.), + 10-4° 
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equil. (conc. 2-3 in water). Found: C, 35-9; H, 
7-4 per cent; cale. for C,H,,O,NCI: C, 36-1; 
H, 7-1 per cent. ‘Amino-sugar X° was crystallized 
from a water methanol-acetone mixture. 


A comparison of the electrophoretic mobilities of 


the N-acetyl derivatives of ‘pneumosamine’ (Mg 
0-40), 2-amino-2,6-dideoxy-L-galactose (Mg 0-29) and 
2-amino-2,6-dideoxy-p-glucose 0-0) borate 
buffer indicated that the hydroxyl groups on C,, 
and Cy, were cis related, since vicinal trans hydroxy! 
groups (as in 2-acetamido-2,6-dideoxy-pD-glucose) do 
not complex with borate®.*. Such c/s-related hydroxy! 
groups are present in sugars having the allo-, altro-, 
galacto- and talo- configurations. *“Pneumosamine’ 
and 2-amino-2,6-dideoxy-L- or -p-galactose had 
different paper and ion-exchange chromatographic 
properties and optical rotations. The best method of 
distinguishing between the remaining three con- 
figurations seemed to be by deamination, despite the 
complexity of the reaction’.*. A chromatographically 
homogeneous product was obtained from ‘pneumos- 
amine’ by deamination under rigorously controlled 
conditions. This product migrated the same distance 
as 6-deoxy-L-galactose and separated on the same 
chromatogram from 6-deoxyallose, 6-deoxyaltrose, 
6-deoxytalose and 6-deoxymannose. The deamina. 
that 


tion therefore indicated ‘pheumosamine was 
probably 2-amino-2,6-dideoxytalose, and that de- 
arnunation proceeded with inversion at C,,). An 


analogy may be drawn with the deamination of 
2-amino-2-deoxy-D-mannose (axial amino group). 
which proceeds with Walden inversion at C,,) (refs. 
% and 10). Deamination of 2-amino-2-deoxy-p- 
glucose (equatorial amino group) proceeds with ring 
contraction and the product is an anhydro sugar®."'. 
Possibly the difference in energy between the two 
chair conformations of 2-amino-2,6-dideoxytalose is 
sufficient, under the conditions of deamination, for 
the conformation with an axial amino group to 
predominate. 

‘Amino-sugar X° and its N-acetyl derivative were 
found to be indistinguishable from 2-amino-2,6- 
dideoxy-L-galactose (L-fucosamine) and 2-acetamido- 
2,6-dideoxy-L-galactose by paper and ion-exchange 
chromatography and by electrophoresis. The infra- 
red spectra of an equilibrium mixture of the isolated 
sugar and authentic L-focusamine were almost 
completely superimposable. N-Acetylation of a crude 
sample of ‘amino-sugar X’, followed by separation on 
Whatman No. 3 filter paper, gave a crystallizable 
product of melting point 195-198° (uncorr.), unde- 
pressed on admixture with authentic N-acetyl-L- 


fucosamine, 79° equil. (cone. 0-17 in water). 


The infra-red spectra of an equilibrium mixture of 


the N-acetylated product and of authentic N-acetyl-L- 
fucosamine were also identical. The amino-sugar 
was assigned to the .L-series on the basis of optical 
data. Furthermore, it was possible to 
epimerize'? ‘N-acetylpneumosamine’ to an equili- 
brium mixture containing a product chromato- 
graphically indistinguishable from either authentic 
N-acetylfucosamine or ‘N-acetvlamino-sugar X’. 
This affords additional evidence that ‘pneumosamine’ 
and ‘amino-sugar X° are epimeric at C,,). 

Neither 2-amino-2,6-dideoxy-L-galactose (L-fucos- 
amine) nor 2-amino-2,6-dideoxytalose has been 
previously found in Nature, and the latter sugar was 
hitherto unknown. Its synthesis is at present being 
undertaken in our laboratories. 
these amino sugars im the amimno-stigar 
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coceus species should stimulate much work, both 
chemical and immunological, in order to improve 
our understanding of the specificity of immunological 
reactions. 

We are indebted to Profs. R. Kuhn and T. Reich- 
stein, Drs. D. A. L. Davies and C. J. Morel for provid- 
ing gifts of amino-sugars and 6-deoxyhexoses. We 
are also indebted to Prof. M. Heidelberger, who 
supplied the Type V_ polysaccharide. Two of us 


(M. J. H. and J. M. W.) thank the University of 
Birmingham for research grants. 
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Specification of Asymmetric Nitrogen 
Atom. Application of the Cahn-Ingold- 
Prelog Nomenclature to some Tertiary 
Amines and Quaternary Ammonium Salts 


the Cahn-Ingold—Prelog nomenclature! 
is quite generally valid for specifying asymmetric 
systems, and was proposed by its authors for the 
unambiguous description of both organic and inor- 
ganic systems, little application is to be found in the 
literature? so far relating to the characterization of 
nitrogen atoms of known configuration by this 
convention. 

The specification of an asymmetric nitrogen atom 
follows from the general definition given by Cahn, 
Ingold and Prelog. Accordingly, in the case of a 
tertiary nitrogen atom, the three substituents 
attached to it should be regarded as the a, b and ¢ 
groups, whereas the fourth substituent (d) of zero 
ordinal number is the unshared electron pair. 
Existence of tertiary amines of stable configuration 
makes it necessary to accept the orientation of the 
unshared electron pair of the nitrogen atom; this 
fact can be deduced both from quantum mechanical 
calculations® and evidence obtained in a synthetical 
chemical way’. 

Compounds of known configuration and containing 
an asymmetric tertiary nitrogen atom are known 
among the tropane alkaloids®. Fodor et al.* showed 
that in the case of the tertiary tropane derivatives in- 
vestigated, the substituents attached to the nitrogen 
and not contained within the ring had N-x-configura- 
tions. Summarizing the results of the investigations 
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cM, 


OCH, 


OCH; 
itl iV 


of Hardegger and Ott’? relating to the absolute 
figuration of the C, and C, carbon atoms of (—)- 
cocaine, and those of Kovacs, Fodor and Halmos® as 
regards the absolute configuration of the asymmetric 
nitrogen atom of the skeleton, natural (— )-cocaine 
may be described as having a 2R: 3S :8R eon- 
tiguration. 

In the course of earlier research work we* reported 
the configurational stability of the tertiary nitrogen 
atom of the morphine skeleton. Assuming an equa- 
torial position of the N-methyl group (which is also 
supported by our recent investigations'’) the asym- 
metric tertiary nitrogen atom will be of S-configura- 
tion. Consequently, morphine (IL) should be regarded 
as having 5R:6S :9R:13S:14R:17S_ configura- 
tion!. 

It is known from the work of Corrodi and Hard- 
egger'® that the C, atom of (— )-laudanosine (IIT) has 
the S-configuration. Since Knabe!® ascribes an equa- 
torial steric position for the C, substituent of laudano- 
sine and an axial position for the N-methyl group, it 
follows that the nitrogen is of R-configuration. 

The assignment of asymmetric quaternary anunon- 
ium salts is obvious. It follows that 14-hydroxy- 
codeinone Jactone hydrochloride'® (IV) may be 
characterized by the configuration 5R:9R: 13S : 
14R: 17S. 

Application of the Cahn Ingold-Prelog nomencla- 
ture, in the sense shown here, to tertiary amines 
having nitrogen atoms of known configuration and of 
configurational stability, as well as to quaternary 
ammonium salts, permits a more complete and 
unequivocal deseription of the compounds. 
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Non-Enzymic Decarboxylation of Methionine 
by Ferrous lon 


IN work on the precursors of the volatile sulphur 
components of vegetable flavours and odours, a non- 
oxidative decarboxylation of methionine 
in the presence of Fe?* was observed. The final 
reaction mixture had a very pronounced odour. 
Unlike other well-known Fe?* oxidations, there was 
no need for added hydrogen peroxide!,? or ascorbic 
acid’*. The addition of a metal chelating agent 
such as ethylenediamine tetraacetate (EDTA) or 
citrate was very stimulatory. Table 1 shows the 
absolute requirement for Fe?+. Only was able 
out this decarboxylation. Mg?*, Mn?*, 
Ni?*, Zn?*, Cu2* and Al**+ were completely 

Fe*+ was 1 per cent as effective as Fe*’, 


enzymic 


to carry 
Ca*+, Cot*, 
ineffective. 


1. REQUIREMENTS FOR METHIONINE DECARBOXYLATION 
mye. CO 


Table 
Reaction system* 


Complete 
Minus Fe** 
Minus EDTA 


omplete, 0-5 wmole Fe®* instead of 5 wmoles 


* Complete reaction system contained 2 ~moles 1-“C pL-methionine 
containing 0-5 yuc., 5 wmoles fe rrous chloride, 5 wmoles EDTA, 100 
pemoles phosphate buffer pH 7, and distilled water to a final volume 
of 2 ml. This solution was in the main chamber of a Warburg vessel. 
In the centre well was 0-2 mil. 20 per cent potassium hydroxide and 
in the sidearm : 3 ml. 5 N sulphuric acid. The reaction was incubated 
90 min. at 30° C., the acid tipped and the potassium hydroxide col 
lected 10 min. lati r. The absorbed carbon dioxide was counted as a 
gas in an ionization-type counter. 


The participation of free hydrogen peroxide did 
not seem to be indicated since the addition of erystal- 
line catalase only inhibited the reaction by 19 per 
cent. The reaction was found to be aerobic in 
nature. In a nitrogen atmosphere the amount of 
carbon dioxide produced from the methionine 
carboxyl group was decreased by 88 per cent. The 
residual activity remaining in the nitrogen-flushed 
reaction mixture was probably due to the small 
amount of dissolved oxygen which had not been 
displaced by the method of flushing used. 

The addition of ascorbic acid to the reaction 
mixture gave a large increase in the amount of carbon 
dioxide released. In the presence of ascorbic acid, 
Fe®*+ was as effective as Fe? EDTA was required 
for the stimulatory effect of ascorbic acid to be demon 
strated. These results are summarized in Table 2. 
ASCORBATE EFFECT ON DECARBOXYLATION 


Total counts as 
Ba"CO, 


Table 2 


Reaction system® 


Complete 

Minus EDTA 

Plus ascorbate 

Plus ascorbate, minus EDTA 
Complete, Fe** for Fe 


plus ascorbate 


* Reaction system and conditions same as in Table 1. 5 sumoles 
ferric chloride and 10 ~moles ascorbic acid are added where indicated. 
Absorbed “CO, was precipitated, plated and counted as Ba“CO, by 
a thin-window Geiger-Miiller-type counter. 


The question whether the ascorbic acid effect 
is due to maintenance of Fe?+ concentration or to a 
different mechanism is left open. Preliminary work 
indicates that the reaction is not of an important 
general nature as regards amino-acids. 
alanine was decarboxylated to only 1 per cent and 
1-'4C pi-methionine sulphoxide to only 6 per cent 
that of an equivalent amount of methionine under 
the same conditions. 
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A large-scale reaction was carried out in order to 
isolate the reaction product. 250 umoles phosphate 
buffer pH 7, 200 umoles ferrous chloride, 200 umoles 
EDTA pH 7, and 500 umoles pL-methionine in a final 
volume of 9-5 ml. were incubated for 90 min. at room 
temperature with constant shaking. The reaction 
mixture was then acidified with 3 ml. 10 per cent 
trichloracetic acid, and 10 ml. 0-01 M 2,4-dinitro- 
phenylhydrazine in 2 N hydrochloric acid were 
added. After cooling at 10° C. overnight, the 
precipitate which formed was removed by filtration 
and after drying over calcium chloride was recrystal- 
lized from ethanol-water. An infra-red spectrum of a 
potassium bromide pellet of the recrystallized mater- 
ial was obtained from 3 to l5u. This spectrum was 
identical with that of a known sample of the 2,4-dini 
trophenylhydrazone of methional. It would appear 
that the decarboxylation is also accompanied by 
some deamination to yield the corresponding alde 
hyde. 

I wish to thank Mrs. Edith L. Gong and Mr 
F. Bailey for the infra-red analyses. 
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Chromatography of the Proteins from 
Wheat Flour soluble in Acetic Acid 


I'ue heterogeneity of the gluten fraction of wheat 
flour has been well established by the moving boun 
dary! *, starech-gel' and filter paper curtain® methods 
of electrophoresis. The last-mentioned technique has 
ilso used for fractionation The 
chromatographic separation of gluten into four major 
electrophoretically distinguishable components by 
stepwise elution from carboxymethyl-cellulose has 
also been reported briefly'*. This communication 
reports ‘the resolution of the acetic-acid-soluble 
fraction of flour into six components by gradient 
elution from carboxymethyl-cellulose, 

Flour, milled from Gabo wheat to approximately, 
70 per cent extraction on a Buhler laboratory mill, 
extracted successively with water-saturated 
n-butanol (1 treatment), 0-01 M sodium pyrophos 
phate (pH 7-0; 4 treatments) and 0-05 N acetic acid 
(pH approximately 3-5; 4 treatments) in accordance 
with the procedure described by Coates and Sim 
monds’. Under these conditions 18-20 per cent of 
the nitrogen was soluble in the sodium pyrophosphate, 
55-60 per cent was soluble in the acetic acid and the 
remainder could be extracted with 0-1 N 
hydroxide. The butanol extract contained 
0-5-2-0 per cent of the total nitrogen. 

The acetic acid extract, containing 50-100 mgm 
of protein nitrogen in 100 m!., was dialysed against 
0-005 M sodium acetate buffer pH 4-1, and loaded 
on to a ecarboxymethvl-cellulose column (1-5 « 15 
em.) previously equilibrated with the same buffer 
Under these of the protein was 


been purposes. 
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bound to the carboxymethyl-cellulose, but a small 
amount, designated fraction x, passed unretarded 
through the column. In order to remove completely 
the remainder of fraction «, the column was washed 
with a further 30 ml. of the 0-005 M sodium acetate 
buffer, followed by 300 ml. of the same buffer con 
taining 1-0 mole of dimethyl-formamide per litre 
(final pH 4-1). Three protein components (peaks (3. 
y and 8 in Fig. 1) were then eluted using a sodium 
chloride gradient running from 0 to 1./, total volume 
1 1., the molar concentrations of sodium acetate and 
dimethyl-formamide being maintained at 0-005 and 
1-0 respectively. Two additional components (peaks 
e and 4 in Fig. 1) could be eluted by running a further 
gradient from acetate buffer 0-005 M in sodium 
acetate (pH 4-1) to a phosphate solution pH 12. 
containing 0-005 mole of trisodium phosphate per 
litre, both solutions being 1-0 M with respect to 
sodium chloride and dimethyl-formamide : the total 
volume of this gradient was also litre. Any 
protein still adhering to the column was then removed 
with 0-1 M sodium hydroxide (peak @ in Fig. 1): 
this peak is not considered to represent a definite 
protein component and has been included in the 
elution diagram to indicate the amount of protein 
not recovered from the column by the two gradients 
employed. Fig. 1 shows the sequence of the elution 
pattern and the pH of the effluent at each stage. 
together with an estimate of the protein distribution 
between peaks, determined by the method of Lowry. 
Rosebrough, Farr and Randall’. 

Using this procedure, a series of acetic acid extracts 
from 12 Australian flours was examined, 100 mgm 
of protein nitrogen being loaded in each case. This 
allowed a resolution of the main protein components 
similar to that shown in Fig. |. However, the 
solubilities of these were such that material in the 
peak tubes of components 6, 45, ¢ and 6 was precipi 
tated on elution from the column. This precipitate 
was soluble in 0-05 M acetic acid. The only obvious 
difference in the elution patterns obtained was a 
variation in the size of the 3 peak, which was not 
even detected in several cases 


Vou. 189 


one 


3 / 12-0 
/ 
= 39% 
A | | 
| 
0 st 
20 40 so 100 120 140 «160 180 


Fraction No 


Fig. 1. Elution of flour protein components from a carboxymethyl 
cellulose column. Loading: 100 mgm. of protein nitrogen derived 
from the 0-05 M acetic acid soluble fraction of Gabo flour 


15 em., equilibrated to pH 4:1 with 0-005 M 
sodium acetate buffer. Size of fractions: 12 ml. Eluting solvents 
changed as follows Arrow No. 1, 0°005 M sodium acetate 
containing 1-0 M dimethyl formamide: pli 4-1, Arrow No. 2, 
gradient started to 0-005 M sodium acetate containing 1-0 M 
dimethyl! formamide and 1-0 M sodium chloride; pH 4-1. Arrow 
No. 3. gradient started from previous final solvent to 0-005 M 
trisodium phosphate containing 1-0 M dimethyl! formamide and 
1-0 VW sodium chloride ; pH 12-0. Arrow No. 4, 0-14 sodium 
hydroxide 
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Fig. 2. 
imethyl-cellulose. 


Rechromatography of fraction 8 (Gabo flour) on carboxy- 
Loading 15 mem. of protein nitrogen, 
Column: 1°5 em. 15 em., equilibrated to pH 4:1 with 0-005 M 
sodium acetate buffer. Size of fractions: 10 ml. Order of change 
in eluting solvents as indicated in Fig. 1 


Rechromatography of fraction % on carboxy- 
methyl-cellulose gave a symmetrical elution peak as 
shown in Fig. 2, but there is no certainty that this or 
any of the peaks would behave as a single homogene- 
ous protein when subjected to other methods of 
fractionation. In fact, Elton and Ewart! have 
demonstrated by starch-gel electrophoresis the 
presence of at least eight components in acetic acid 
extracts of glutens obtained by hand-washing flours 
with distilled water. It is possible that some of these 
components correspond to traces of albumin and 
globulin fractions®, which would have been removed 
during our preliminary treatment of the flour with 
sodium pyrophosphate. 

Dimethyl formamide, whieh has been used by 
Vercouteren and Lontie!® to disperse gluten, was 
added to the buffer to prevent precipitation of protein 
from solutions of ionic strength greater than 0-04. 
In this case it has allowed the successful elution of 
components from the column using salt and mild pH 
gradients. There is evidence that the reaction 
between hydrogen bond - breaking agents and gluten 
is reversible!!.!, 

Full details of this work will be 
publication in due course. 
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Optical Rotatory Dispersion of the 
Thrombin-induced Conversion of 
Fibrinogen to Fibrin Monomer 


CONSIDERABLE evidence has now accumulated 
suggesting that the thrombin-induced conversion of 
fibrinogen to fibrin is a reversible triphasic reaction 


which may be represented thus! 


Proteolysis + P 
Polymerization nf 
Clotting mf, fibrin 


Step 1 
Step 2 
Step 3 


f is tibrin 
nitrogenous 


where is fibrinogen, 7’ is thrombin, 
monomer, non-protein 

material consisting primarily of two acidie peptides 
of molecular weights 1,900 and 2,400, and f/f, repre- 
sents intermediate polymers where n and m are 
variable numbers. 

Hydrogen bonding has been implicated in this 
reaction scheme in two important aspects. First, 
the polymerization of f to intermediate polymers 
(step 2) has been shown to proceed through the forma 
tion of intermolecular hydrogen bonds between 
tyrosyl donors and histidyl aceeptors?. Secondly, 
it has been suggested that either the donor or acceptor 
groups are unavailable in the intact fibrinogen 
molecule because they are hydrogen-bonded to the 
highly acidie groups of the two peptides released in 
step 1; they become available only when the hydro- 
gen bonds in which they are participants are broken’. 
If such hydrogen bonds exist in the native fibrinogen 
molecule, they should be playing a significant part 
in stabilizing that portion of the molecule which is 
regularly folded; conversely, the rupture of these 
bonds should decrease the stability of the helical 
portions of the molecule. In order to observe whether 
configurational changes of this type accompany 
the thrombin-catalysed proteolysis of fibrinogen, 
measurements of the optical rotatory dispersion 
of this system were undertaken. To facilitate studies 
of step 1 free of steps 2 and 3, use was made of the 
finding that step 1 will occur in 1 M sodium bromide 
at pH 5-3 without the subsequent polymerization 
of fibrin monomer®. 

The bovine fibrinogen used (‘Pentex’ lot 20F 14) 
was refractionated by Laki’s procedure ; a product 
which was 95 per cent clottable, as assayed by the 
method of Laki', was obtained. A purified citrate 
activated thrombin preparation kindly supplied by 
Dr. W. H. Seegers was used. This product, received 
and stored in aqueous solution, had an activity of 
4,000 tosylarginine methyl ester units/mgm. The 
optical rotatory measurements were carried out on a 
Rudolph model 260 automatic recording spectro- 
polarimeter using a xenon compact are-lamp as the 
light source. Kinetic measurements were made at 
400 and 589 mu. At the beginning and end of each 
reaction a complete optical rotatory dispersion curve 
was run; in these cases the results were evaluated 
in accordance with the method of Yang and Doty’, 
by plotting the product of the specific rotation and 
squared wave-length versus specific rotation. 

Column 2 of Table 1 lists the variation of optical 
rotation with wave-length for a 2-5 per cent fibrino- 
gen solution in 1 M sodium bromide at pH 5-3 (0 
time curve). It is to be noted that [x]p is — 53° and 
2. evaluated from the slope of the plot of 4¢[2] versus 
[x], is 227 mu; these values are to be compared with 
an [x]p of — 48-6° and a >, value of 256 mu, obtained 
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OPTICAL RoTaTORY DISPERSION RESULTS FOR FIBRINOGEN 
AND FIBRIN MONOMER 


Table 1. 


[a] for 
Wave- | [a] for fibrin monomer (2°55 [a] for 
length, 4 fibrinogen | per cent) formed from fibrin monomer 
(A) (2-63 per fibrinogen of column (3-2 per cent) 
j cent) 2 formed from fibrin 
5800 
65 6s 
O00 “4 
$500 103 a9 100 
4250 122 11s 116 
4000 141 141 141 
3300 165 162 
8700 Isl 
moo | 00) 197 
8500 | 223 zie 
| 400 | 247 
3300 
325 
Ay (rnp) 226-9 26-0 225-8 


M potassium 
Levorotat ion 
the bromide 


by Yang and Doty for fibrinogen in 0-3 
chloride at pH 6-3°. The increase in 
and decrease in dispersion constant in 
solvent are consistent with the idea that this medium 
is a denaturing ono* and that it prevents steps 2 and 
3 from setting in because of its ability to break hydro- 
gen bonds. 

At zero time, thrombin was added to the fibrinogen 
solution in the polarimeter cell such that its final 
concentration was 100 units/ml. The cell contents 
were mixed and the rotations at 400 and 589 mu 
were followed for 20 hr. (half-time about 3 hr. at 
25° C.’)+ these were not found to vary significantly, 
suggesting that the kinetics of the reaction are not 
reflected in optical rotatory changes. In this respect, 
this reaction differs from other examples of limited 
proteolysis reactions, notably the zymogenic activa- 
tion reactions of chymotrypsinogen, trypsinogen and 
pepsinogen, all of which are accompanied by easily 
measurable changes in optical rotation*. At the 
completion of the reaction the solution was exhaust- 
ively dialysed against 1 ./V sodium bromide at pH 
5-3 in order to remove the liberated peptides and an 
optical rotatory dispersion curve was carried out 
on the remaining fibrin monomer (see column 3 of 
Table 1). As can be seen, none of the rotations for 
the fibr'n monomer differs sgn ficantly from the values 
obtained for fibrinogen alone; furthermore the eal- 
culated >, values agree within experimental error, 
suggesting that the degree of ordered configuration 
in the two molecules is the same. As a further check 
that the dispersion results of column 3 represent the 
values for fibrin monomer and not those of monomer 
plus adsorbed contaminants, purified fibrin monomer 
was obtained by dissolving fibrin in 1 M sodium 
bromide at pH 5-3 (that is, by reversing steps 2 and 
3 in the bromide solvent*). The optical rotatory 
dispersion of a 3-2 per cent solution of this material 
is presented in the final column, from which it is 
seon that essentially identical optical rotatory results 
are obtained for fibrin monomer prepared by either 
the forward or backward reactions. 

The virtual identity in optical rotatory properties 
of native fibrinogen and fibrin monomer suggests that 
the two peptides liberated in the proteoly sis reaction 
must be essentially devoid of helix ; otherwise their 
removal would have resulted in different dispersion 
constants for the two solutions. This finding is con- 
sistent with the preliminary amino-acid analysis of 
the two peptides*®, which reveals in each the presence 
of a number of dicarboxylic amino-acid residues as 
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well as two prolines ; both the high density of negative 
charge and presence of two imino-acids would tend 
to favour a randomly oriented configuration. Finally, 
the lack of optical rotatory change associated with the 
kinetic process implies that the donor or acceptor 
groups liberated in step 1 appear, more likely as 
the result of an unmasking process, that is, a removal 
of a steric impediment exerted by the peptides rather 
than by rupture of side-chain hydrogen bonds which 
would be expected to have been reflected in optical 
rotatory changes. 

We are indebted to Dr. W. H. Seegers of 
Wayne State University for his generous gifts of 
purified thrombin and to Mr. John Carson for his 
skilled technical assistance. 
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The Problem of ‘Methezmocyanin’ 


Ir was thought that, analogously to the iron in 
hemoglobin, the copper of hemocyanin remained in 
the cuprous (Cut) state when the pigment took up 
oxygen'. This was questioned® because the charac- 
teristic blue colour of the cupric ion (Cu**) appeared 
when oxyhemocyanin was formed, as well as on 
other grounds. it has since been shown', using the 
hemocyanin of Busycon, Loligo, Homarus and 
Limulus, that in fact half the copper becomes Cu’ 
and the rest remains Cu*. There was occasion to 
confirm this on the bloods of Helix and Maia, in 
the course of other work*. Klotz and Klotz? showed 
that the oxygenation probably depends on the 
co-operation of the two ions. A number of further 
differences im properties between heemocyanin and 
hemoglobin also were explained by their important 
discovery. 

There still remains some obscurity, however, 
concerning ‘methzemocyanin’, which is prepared, like 
methemoglobin, by the action of strong oxidizing 
agents on the pigment’. It is not clear why methem- 
ocyanin should still be able to take up oxygen 
reversily, with a colour change essentially similar to 
that of hemocyanin itself. Since half the copper is 
converted to Cut+ even by atmospheric oxygen it 
appears to be more easily oxidized than the iron of 
hemoglobin. Yet the latter is entirely converted to 
ferric in methemoglobin and can no longer take up 
oxygen reversibly. It has been confirmed, using Maia 
blood, that hemocyanin does retain this ability for 
reversible oxygenation-deoxygenation, with colour 
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change, in the presence of such strong oxidizing 
agents as potassium ferricyanide and potassium 
permanganate. If the oxidizing agent is added to 
two samples of deoxyhemocyanin and one is then 
shaken with air, the change in cojour is readily 
apparent by comparison with the control. 

It is also clear that oxidizing agents do not increase 
the amount of blue ion present in oxvhiemo- 
There 
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eyanin or produce any int deoxyhemocyanin. 
is no increase in extinction of light of 570 mu wave- 
length when Maia blood is saturated with potassium 
chlorate or treated with other colourless oxidizing 
agents, such as potassium iodate and hydrogen 
peroxide (neutralized with sodium peroxide). This 
may be confirmed also using potassium ferricyanide 
which absorbs very little light at that wave-length. 
The evidence is that the copper is quite ‘unavailable’ 
to these and also to other agents, though available to 
atmospheric oxygen. For example, sodium diethyl- 
dithio-carbamide, a sensitive, specitic reagent for 
copper ions, gives no colour reaction with native 
Vaia blood, though this appears sharply at a certain 
stage of denaturation, for example, by heating to 
60° C. This applies equally to the reaction with 
2:2’-diquinolyl, a specifie colour reaction of the 
Cut ion’, alone. 

If an excess of such oxidizing agents as potassium 
ferricyanide and potassium permanganate is added 
to Mara blood, which is then denatured to ‘reveal’ 
the copper ions, it is found that all are now in the 
Cut+ state. Oxidation of free Cut to Cu’* is presum- 
able instantaneous, as shown also by adding the 
oxidizing agent after denaturation in the presence of 
diquinolvi, in a suitable solvent (glacial acetic acid is 
most convenient since it also denatures the protein, 
and redissolves it on warming). Using potassium 
chlorate as oxidiz ng agent, some of the Cut survives 
for a time after release by denaturation and the pink 
colour with diquinolyl fades slowly. 

A further feature of interest is that the Cu'+ of 
denatured hemocyanin oxidized by potassium per- 
manganate returns spontaneously to Cut, slowly at 
room temperature and more rapidly on warming. 
Preparations from oxyhemocyanin give a final yield 
of Cut about half the amount obtained from deoxy- 
hemocyanin preparations, indicating that ions 
initially in the Cus+ state remain so. However, on 
repeated oxidation with potassium permanganate, 
followed by spontaneous reduction, the amount of 
Cut progressively increases. Reducing agents still 
readily reduce the Cu*+ to Cu‘. Potassium dichro- 
mate shows the same behaviour as potassium per- 
manganate ; but ferricyanide, chlorate and hydrogen 
peroxide, in excess, appear to oxidize irreversibly. 
Using minimal amounts of hydrogen peroxide the 
ion can be reduced once more simply by exposure 
to low oxygen tension, over alkaline pyrogallol, 
so that denatured hemocyanin might still be a 
reversible oxygen carrier, under appropriate condi- 
tions. 

It is interesting that potassium permanganate 
should have been used® to prepare ‘methemo- 
eyanin’, rather than ferricyanide, which is used for 
methemoglobin and seems more capable of effecting 
irreversible change. The reason given was that 
ferricyanide does not release oxygen from oxy- 
heemocyanin, though there seems no good evidence 
that permanganate does. In any event, however, 
neither seems to affect the copper of the native 
pigment. This seems much more sensitive to reducing 
than to oxidizing agents therefore 
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Some of these properties of lwmocyanin are 
mimicked by synthetic copper proteins, a further 
indication that there is no special prosthetic group in 
aemocyanin. When ter volumes of | per cent egg 
albumen solution are added to one of 0-1 per cent 
copper sulphate, a copper protein is formed, the 
colour of the Cutt ion becoming intensified. More 
over, on adding diquinolyl in ‘scamyl alcohol a 
positive reaction for the Cur ion gradually develops. 
The protein is near its isoelectric point and denatures 
spontaneously. At a more alkaline pH it can be 
denatured by heat without release of the Cut ion 
which, however, appears on acidification. |The 
albumen appears to bind and to reduce some of the 
copper. It is even capable of reducing Cu’*+ added 
after it has been denatured with acetic acid. The 
Cut of the denatured copper protein, in acetic, is 
oxidized by potassium permanganate and spontane- 
This is also true of the 


ously reduces on standing. 
the reduced, 


copper protein of Lithobius*, im 
denatured state. 

Thus it seems that proteins commonly have the 
power to reduce Cu** to Cut and Lo do so repeated|y 
following reoxidation, whether it is bound in non- 
ionic form to the native protein or associated as an 
ion, after denaturation. In native hemocyanin, at 
least. the Cut change is with 
reversible oxygenation, and this process 's not affected 
by strong chemical oxidizing agents. It would seem 
reasonable to keep the term ‘metha#mocyanin’ in 
abeyance until there is evidence of a definite com 
pound similar to methzmoglobin 
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Activation of Cockroach Acetylcholinesterase 
by Water-miscible Organic Solvents 


Ir is common practice to treat insects with poisons 
dissolved in acetone or dioxane. Also, water-insoluble 
anti-cholinesterases are dissolved in organic solvents 
to determine their inhibition of acetylcholinesterase 
in vitro. While studying functional properties of 
acetylcholinesterase of the American cockroach', 
evidence was obtained that melusion of acetone or 
some alcohols in a Warburg reaction mixture resulted 
in greater hydrolysis of acetylcholine. These results 
are given in Table 1, where 0-1 ml. of the organic 
solvents was included in a Warburg reaction mixture 
of salts, buffer, substrate and tissue homogenate, 
final volume, 2:7 ml. The increase in hydrolysis of 
acetylcholine was most striking in the presence of 
n-propanol and n-butanol. Further work showed 
that the optimal concentration of n-butanol for 
maximal hydrolysis of acetylcholine was 0-05 ml. in 
2-7 ml. of reaction mixture. Acetone differed in this 
respect and optimal activity was obtained at 0-25 ml. 
of acetone in 2-7 ml. of reaction mixture. 

Bovine purified erythrocyte and homogenates of 
housefly thoracic ganglia and mouse brain were used 
as sources of acetylcholinesterase for a comparison 
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Table 1. Errkot OF VARIOUS SOLVENTS® ON THE RATE OF HypRO- 
LYSIS OF ACETYLCHOLINE BY ACETYLCHOLINESTERASE FROM COCK- 
ROACH GANGLIA 


Activation ratio 


Solvent Average by. Solvent 6,4, 


Control 


iso-Octane 1-05 
Dioxane is 1 1-05 
Ethyl aleohol 11 
Acetone 1-56 
iso- butanol 106-0 2-31 
iso-Amyl aleohol 124-5 2-72 
tvo-Propanol 132-1 2-89 
n-Propanol 142-7 $12 
n-Butanol 180-8 3-05 
Control 


*O-1 ml. acetone in 2-7 ml. of reaction mixture 
t by, refers to the amount of carbon dioxide evolved in 
sfter correction for non-enzymatic hydrolysis 


30) min, 


with homogenates of the thoracic nerve cord of the 
cockroach in the presence of solvents. The results 
given in Table 2 for acetone show that only the 
acetylcholiesterase of the cockroach was activated. 
Phe acetylcholinesterase from the other sources was 
inhibited when compared with controls in which 
was omitted. This result shows a striking 
difference in the acetylcholinesterase of the cock- 
roach-hydrolysing acetylcholine 


acetone 


Table 2. ErvPEcT oF ACETONE® ON ACETYLCHOLINESTERASES FROM 
VARIOUS SOURCES 
Average Average Activation ratio 
Source boo with Acetone by 
control acetone Control b,, 
Cockroach thoracic 
ganglia in 2 1-72 
Housefly thoracic 
ganglia 11 3 
Mouse brain 140-4 
Bovine purified 
erythrocyte 225-4 
mi. acetone in 2-7 mil. of reaction mixture. 
t by, refers to the amount of carbon dioxide evolved in 30 min. 


ifter correction for non-enzymatie hydrolysis 


As the above results were determined with homo- 
yvenates, experiments then carried out with 
acetone and butanol powders of the nervous tissue 
Manometric determinations of the 
reconstituted acetylcholinesterase showed that the 
activation effect of “-butanol and acetone was not 
eliminated when these solvents were included in the 
mixture. Furthermore, these results showed 
that the effect found with homogenates was not due 
to a liberation of more acetylcholinesterase from 
tissue fragments or to an inhibiting factor. The use 
of differential centrifugation and various substrates 
“ave positive evidence that only one enzyme hydro- 
lysed acetylcholine. The enzyme appears to be 
particulate, and when solubilized by use of sodium 
cholate similar activation was found with n-butanol. 

Results obtained on the kinetics of hydrolysis ot 
acetylcholine and other substrates in the presence of 
»-butanol and anticholinesterases gave evidence of 
the possible mechanism of activation. This appears 
to be an effect of the solvents on the active sites of 
the acetylcholinesterase of the cockroach. If so, a 
specific property has found for the acetyl- 
cholinesterase of the nervous tissue of the cockroach. 
Details of these results will be published elsewhere. 

E. H. CoL_noun 
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O-Demethylation as a Biosynthetic Pattern 
in the Formation of Opium Alkaloids 


COMPARATIVE rates of incorporation of carbon 
dioxide labelled with carbon-14 led to the proposal! 
that, in Papaver somniferrm, thebaine is the first 
octahyvdrophenanthrene alkaloid formed, and is con- 
verted by successive O-demethylations to codeine 
and finally to morphine. Although this sequence 
seemed best to explain the labelling ratio among 
these three alkaloids, conclusive proof was lacking. 
The results described here, considered with the pre 
vious data’, constitute proof of this interrelationship. 

Three plants of P. somniferum, each 24 months 
old, were root-fed, respectively, labelled morphine, 
codeine and thebaine, which were obta ned from 
a three-day biosynthesis with labelled carbon 
dioxide’. The alkaloids were absorbed from a 
weak potassium dihydrogen phosphate solution over 
the course of 42 hr., and the plants then were frozen 
immediately and the alkaloids isolated as previously 
deseribed'. The results are given in Table 1. 


Table 1. CARBON-14 LABELLED ALKALOID FEEDING EXPERIMENT> 
Plant Alkaloid Alkaloid Amount Potal activity 
No fed isolated rain wtivity (d.p.m 
d.p.m.) pmole) 
Morphine 621.000 2.000.000 
ibsort 
Morphine 153 000 62.800 
Codeine none 
Thebaine nome 
ibsorbed 
Morphine 1-028 
Codeine 102.000 425.000 
Thebaine O42 hone 
thbsorbed 
Morphine OST 77.100 19.200 
Codeine ow 66.000 105.000 


Of the three alkaloids isolated from the morphine 
fed plant, only morphine was radioactive ; of those 
from the codeine-fed plant, only morphine and codeine 
were active; while from the thebaine-fed plant all 
three alkaloids were active. Since the alkaloids fed 
were from a biosynthesis with labelled carbon dioxide, 
they would be labelled both in the methyl groups 
and ring skeleton’. Hence it was necessary to 
demethylate and check ring skeleton activity in the 
isolated alkaloids in order to establish that incorpora 
tion of radioactivity was not simply due to trans 
methylation. The necessary degradations! were 
performed on thebaine which was fed to plant 3 and 
on the morphine and codeine isolated from that 
plant after 42 hr. It was found that the ratio of 
methyl group to ring skeleton activity was approx 
imately the same in the thebaine as in the morphine 
and codeine isolated. ‘Therefore, incorporation of 
radioactivity was not due to transmethylation, and 
the entire ring skeleton was converted to codeine 
and thence to morphine in accordance with the 
proposed scheme’. 

A comparison of the specific activities of the codeine 
and thebaine which were fed with the specific activities 
of the same alkaloids isolated at the end of 42 hr. 
shows that the final values are much lower than one 
would expect on the basis of pool dilution alone. 
This indicates a relatively rapid synthesis and con- 
version of the alkaloids, especially of thebaine, and 
a high percentage incorporation of specific activity 
would not be expected. Somewhat more meaningful 
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Morphine, i Thebaine 


Codeine, RCH 
in this case is the incorporation of total activity. 
Based on ring skeleton activities derived from the 
above-mentioned degradations, a 13 per cent incorp- 
oration was achieved from codeine to morphine in 
plant 2, while the incorporation from thebaine to 
morphine and codeine in plant 3 was 7-5 and 5-0 
per cent, respectively. The values listed in Table 1 
for the amount of alkaloid absorbed are based on 
loss of activity from the feeding solution. Experi- 
ments now under way show that a rapid adsorption 
or absorption of the alkaloids by the root hairs 
occurs, but that the further translocation is relatively 
After the 42-hr. biosyntheses reported here, 
hairs had been removed and were not 
Therefore, the 
total 


slow. 
these root 
included in the total plant analysis. 
values for the percentage incorporation of 
activity given above are undoubtedly m/nimal. 

The proved conversion of thebaine to codeine and 
codeine to morphine clearly establishes O-demethyla- 
tion as a metabolic pathway. This is in contrast to 
the commonly held concept* that the O-methylated 
alkaloids are metabolic end-products. Because of 
the relatively rapid synthesis and interconversion 
of alkaloids which has been found in this and the 
previous work!, such demethylations could be a 
significant part of the total plant metabolism and 
perhaps provide one answer to the century-old 
problem of alkaloid function. 

This investigation was sponsored in part by the 
United States Atomic Energy Commission. 

FraNK R. STERMITZ 
Henry Rapoporr 
Lawrence Radiation Laboratory and 
Jepartment of Chemistry, 
University of California, 
Berkeley, California. 
Rapoport, H., Stermitz, F. R., and Baker, D. R., J. 


82, 2765 (1960). 
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Phenolase and Pectic Enzyme Activity in the 
Chocolate Spot Disease of Beans 


THE chocolate spot disease of beans (Vicia faba L.) 
caused by Botrytis fabae Sard. is so named because an 
early result of infection by the fungus is a small 
brown lesion on leaf or stem. In the course of study 
ing the factors controlling the development of these 
lesions, it was found that the latent phenolase of bean 
leaves could be activated by certain pectic substances 
and by a soluble cellulose derivative in a way similar 
to that described by Kenten! for anionic wetting 
agents. The result of phenolase action, with the 
naturally occurring leaf phenols as substrate, is an 
intense brown coloration. 

Kenten',? showed that aqueous extracts of bean 
leaves had very little phenolase activity, measured 
by oxygen uptake or by coloured end-products, unless 
extracts were first exposed to acid or alkaline condi- 
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tions, precipitated by ammonium sulphate, or incu 
bated with certain anionic wetting agents. In the 
present experiments, mixtures of dialysed leaf 
extracts, citrate/phosphate buffer and activators were 
incubated for appropriate periods. They were then 
added to catechol or dihydroxyphenylalanine (DOPA) 
at pH 7-0. Phenolase activity was measured in an 
EEL colorimeter with green filter 623. Kenten’s 
results were confirmed with sodiurn diocty] sulpho- 
succinate as the activating agent the optimum 
pH for activation was and at this pH the 
buffer alone had little effect. Solutions of sodium 
polypectate, polygalacturonic acid and pectin had 
an optimum pH for activation of 4-5, and the buffer 
alone had a slight activating action at this pH. 
Monogalacturonic acid also activated the phenolase. 
but was less effective than the polymers; with 
carboxymethyleellulose, activation was most rapid 
between pH 4-0 and 4-5. 

It is likely that soluble pectic substances are 
liberated from walls during the invasion of tissues 
by Botrytis fabae because the fungus readily produces 
polygalacturonase in culture. Enzymatic hydrolysis 
of sodium polypectate and pectin to short-chain 
polymers did not destroy the ability to activate the 
phenolase. 

Filtrates from cultures of B. fabae on certain media 
containing pectic substances rapidly reduce the 
viscosity of pectic substances in solution. These 
filtrates also disintegrate bean stem tissue, but if 
leaf extracts are included in the original media the 
filtrates have little or no polygalacturonase activity, 
and do not disintegrate stem tissue. Other results 
suggested that the enzyme was inactivated by 
substances formed following the oxidation of phenols 
in the leaf extract, and direct evidence for this was 
obtained in the following experiment. Phenolase 
was activated by carboxymethyleellulose at pH 4-0 
and allowed to oxidize DOPA at pH 7-0 for 6 hr. ;: 
red-brown had now developed. Equal 
volumes of oxidized DOPA and B. fabae culture 
tiltrate were mixed at pH 7-0. Viscosity -reducing 
activity changed little over 2 hr. in the control with 
DOPA, but in the presence of oxidized DOPA, 
although there was no immediate effect, activity was 
markedly reduced after 10 min., and, after 1 hr., 
polygalacturonase activity was very low. 

From these and other experiments, it would appear 
that the formation of a chocolate spot results from 
an interaction of the polygalacturonase systems of the 
fungus and the phenolase systems of the host. Fungal 
polygalacturonase probably kills host cells rapidly* 
and liberates the phenolase system. 


products 


It also degrades 
cell walls and so liberates pectic substances which 
have been shown to activate host phenolase between 
pH 4-0 and 5-0. This will be followed by the oxida 
tion of host phenols and the formation of dark brown 
polymeric products, which now inactivate the poly 
galacturonase of the pathogen. 

A hypothesis based on interactions of this sort 
could explain why chocolate spot lesions are generally 
limited in size and why the tissue of the lesion remains 
coherent for some time. 

B. J. DEVERALL 
Botany Department, 
Imperial College of Science and Technology, 
London, S.W.7. 
'Kenten, R. H., Biochem. J., 68, 244 (1958) 
* Kenten, R. H., Biochem. J., 67, 300 (1957) 
* Tribe, H. T., Ann. Bot., N.S., 19, 351 (1955) 
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Absorption and Breakdown of Iron- 
Ethylenediamine Tetraacetic Acid by Tomato 
Plants 


Jacopson' was the first to show that plants could 
utilize iron supplied as the ferric chelate of ethylene- 
diamine tetraacetic acid (Fe-EDTA). Subsequent 
workers? have concluded from experiments with 
isotopically lebelled chelating agents that the iron 
was released after the uptake of the entire molecule 
by plant roots. Tiffin and Brown‘, however, showed 
that, at least initially, iron was absorbed by roots 
from a phenolic analogue of Fe~-EDTA while most of 
the chelating agents remained in the culture solution. 
The absorption of Fe-EDTA was therefore further 
examined, using the iron chelate labelled in both 
portions of its molecule. 

Tomato plants were raised from seed germinated 
in acid-washed sand and grown in an iron-free 
nutrient solution in the glasshouse. Ten days after 
the first true leaves had appeared, three plants of 
uniform size were transferred to each of six culture 
dishes. The nutrient solution included 1 p.p.m. of 
iron as Fe-EDTA, prepared from equimolar amounts 
of ferrie chloride labelled with iron-59 and EDTA 
labelled with carbon-14 in the 2-position of the 
acetate group. The stability of the iron chelate in 
the nutrient solution was checked by keeping a 
further replicate free from plants under the same 
experimental conditions. During the experiment 
light was excluded from the nutrient solution and its 
pH was maintained at 5-6. 

After 10, 17 and 24 days the plants and nutrient 
solution in two dishes were taken for isotope analysis. 
The plants in each dish were bulked, divided into 
tops and roots and dried at 65° C. overnight. For 
iron-59 assay, the material was digested with nitric 
and perchloric acids and the y-radiation measured in 
a scintillation counter. For carbon-14, the plant 
material was oxidized with a Van Slyke acid mixture, 
the carbon-14 was collected as barium carbonate and 
counted under an end-window Geiger—Miiller tube®. 
Solutions were evaporated to dryness in the presence 
of inactive carrier before oxidation and assay. No 
iron-59 was present in the barium carbonate precipi 
tates. The iron-59 counts were converted to ugm. 
iron; carbon-14 results were expressed as uc. since 
the chemical form of this isotope was uncertain 
(Table 1). 

Almost all the added irom was recovered either 
from the solutions or from the plants; by contrast 
the carbon-14 recovered fell steadily to about 60 per 
cent of its original value after 24 days, indicating 
decomposition of the EDTA. Both isotopes were 


Nutrient solution 
Duration of 
sampling date 


pum. Fe pe, C-14 | pam. Fe 
0 days 200 9-04 
(original solution) | 
10 days 7 


17 days 
24 days 


24 days* 


Table 


Plant roots 


* This dish of nutrient culture solution contained no plants. 
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almost completely recovered from the solution im 
which no plants were grown. The loss of carbon-14 
was therefore not due to decomposition of the 
Fe-EDTA in the nutrient solution, but to absorption 
and breakdown in the plants. 

After 10 days the plants had absorbed about 41 per 
cent of the added iron but only 26 per cent of the 
ecarbon-14. As there was no decomposition in the 
nutrient solution these figures imply that the plant 
roots had absorbed both iron and iron chelate. Later 
results showed that while the rate of uptake of iron 
decreased with time, that of the carbon-i4 (EDTA) 
continued steadily. The EDTA tiberated by the 
absorption of iron probably chelated other metals, 
for example, copper, zinc and manganese, in the 
nutrient solution. Subsequent absorption of these 
chelates would explain the steady increase in carbon- 
14 content and the progressive increase in the ratio 
of carbon-14 to iron in the plant tops. 

This is the first report of experimental evidence 
that EDTA is broken down during the utilization by 
plants of the iron chelate, although it has been 
suggested previously that the iron might be released 
during breakdown of the chelate in leaves by sunlight*. 


D. G. 


LLoyp-JONES 
Research Station, 
Long Ashton, 
Bristol. 
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A Lipoprotein Staining Method for Zone 
Electrophoresis 


In an attempt to overcome some of the well-known 
disadvantages of the commonly used _ lipoprotein 
stains, a new method, based on the use of Schiff’s 
stain after preliminary ozonization, was developed. It 
does not depend on the use of lipid stains, and, conse 
quently, washing the stain out of the background is 
not necessary. Furthermore, it can be used equally 
well on cellulose acetate material and on filter paper. 

The electrophoretic separation is performed in the 
usual manner, but a somewhat larger sample than 
that used for ordinary protein separation is recom 
mended When the separation is completed, the 


Plant tops 
| age of original solution 


Total recovery as percent- 


we. C-14 wam. Fe | ye. C-14 | Ke 


4 
) 
j wees 
| | 100 100 
| | | 
| 0-30 55-6 j 065 | 
TE 6-29 15-0 } 0-40 65-0 | 05-8 75-2 
75-0 5°47 22-9 0-82 0-24 95-7 72-2 rat 
90 | 592 | 3813 059 | 689 0-17 | 73-9 
- - - _—_--— |, — - 
81-0 3°87 30-0 0-81 0°35 | 96-1 55-6 
46 $49 (29-4 0-57 76 | O68 | 62-9 
| | 197-8 | 9-11 -- | — 98-9 100-8 
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strip is dried under a fan or in a hot-air oven at a 
temperature preferably not exceeding 80° C., and 
placed in a chamber for ozonization. The ozone 
can be introduced from an ozonizer or it can be 
generated chemically inside the chamber. I have 
been using a barium peroxide-concentrated sul- 
phuric acid method which is both simple and cheap. 
A small glass container with the barium peroxide 
powder is placed inside the ozonizing chamber (a 
large jar or glass tank with a closely fitting lid, the 
size depending on the number and size of the strips) 
and a small volume of concentrated sulphuric acid 
is poured over the barium peroxide. The lid of the 
chamber is then quickly closed. The necessary 
amounts of the reagents will vary with the capacity 
of the chamber. After about 15-30 min. the strip is 
removed from the ozone atmosphere, rinsed in V/1,000 
hydrochloric acid, and placed in Schiff’s stain (pre- 
pared as for glucoprotein staining) until the lipopro- 
tein bands acquire their maximum colour intensity. 
This usually takes about 5-15 min., but the staining 
time does not appear to be critical and the strips 
can be left for longer periods of time. When staining 
is completed, the strip is transferred into a reducing 
solution, for example, potassium metabisulphite 
crystals in N/10 hydrochloric acid. A thorough 
washing in three consecutive reducing baths is 
essential if the background is to remain colourless. 
A final wash in plain N/10 hydrochloric acid is recom. 
mended. ‘The strip is then blotted and dried at room 
temperature. It was found that instead of the reduc- 
ing bath, a 2-3 per cent aqueous nitric acid solution 
can be used with almost equally satisfactory results, 
with the advantage of not having to prepare the reduc- 
ing solution each time and avoiding the irritating 
smell of sulphur dioxide. As an aiternative to the 
preliminary exposure to ozone, quite satisfactory 
results can also be obtained by immersing the strip 
for about 20 min. in a 2-3 per cent solution of iodic 
acid, or in a 5 per cent aqueous potassium iodide 
solution which has been left standing in the light 
for a ‘few days acquiring a very pale yellow tinge. 
It should then be kept in the dark. The intensity of 
colour of the lipoprotein bands, however, will not 
reach that obtained after ozonization. 

The results are shown in Figs. 1 and 2. In normal 
humanserum two lipoprotein fractions are usually seen, 
but it, should be noted that on cellulose acetate the 
main kipoprotein fraction of the serum travels with x, 
mobility and not with the @ fraction as on filter 
paper. The stained bands obtained by this method 
coincide exactly with those obtained with any of 
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Fig. 1. Comparison of electrophoretic lipoprotein patterns as 

obtained by: («@) sudan black stain; (6) ozone—Schiff method. 

Electrophoretic run on same strip of filter paper (courtesy of 
Dr. W. G. Dangerfield) 
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Fig. 2. Lipoprotein patterns of human serum on cellulose acetate 
obtained by (1) ozone-Schiff method; (2, 3) potassium iodide- 
Schiff method 


the conventional lipid stains such as sudan black. 
This can be seen by comparing the bands with parallel 
lengths from the same strip by the ozone — Schiff 
and sudan black methods respectively (Fig. 1). 
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Some Pharmacological Actions of 
p-Lysergic Acid Methyl Carbinolamide 
p-LyserRGic acid methyl carbinolamide, 
C,,H.,N,0,, is a new alkaloid produced by a strain 
of Claviceps paspali Stewens and Hall. Arcamone, 
Bonino, Chain, Ferretti, Pennella, Tonolo and Vero! 
isolated the new alkaloid from submerged cultures 
and determined its structure. I have now investigated 
some of the pharmacological actions of the new 
alkaloid. 

p-Lysergie acid methyl carbinolamide was kindly 
supplied to me by Prof. E. B. Chain. Freshly pre- 
pared aqueous solutions of the maleate salt 
(C,,H,,N,0,.C,H,O,) were used in my experiments. 

The intravenous LD50 of the new alkaloid was 
approximately 150 mgm./kgm. for mice and 0-75 
mgm./kgm. for rabbits. Before death, the mice 
showed periodic convulsions of a clonic type, erection 
of the hairs and excitability. At doses of 50-100 
mgm./kgm. it produced only this peculiar sympto- 
nmatology : the mice stood upright and pressed on 
each other's noses and chattered their teeth. In 
rabbits, an injection into the ear ve.n in doses of 
0-1-1 mgm./kgm. produced dilatation of the pupil, 
excitability or convulsions of a clonic type. The 
ears became pale and cold with intense vaso-con- 
striction. The toxicity of the alkaloid to rabbits 
seemed to depend on its power of raising the body- 
temperature in this species. In rabbits the similarity 
between the effects of the new alkaloid and ergo- 
metrine were particularly striking, but ergometrine 
was less toxic to rabbits (the approximate intravenous 
LD50 of ergometrine was 3-5 mgm./kgm.). 

p-Lysergie acid methyl] carbinolamide induced, in 
low concentrations (minimum active concentration 
0-1—1 vgm./ml.), a contracture in the isolated uterus 
of the virgin guinea pig. There was a satisfactory 
dose/response relationship. This contracture was 
very similar to that produced by ergometrine maleate, 
which, however, was 1—2 times more potent. 

On the rabbit uterus in situ both alkaloids produced 
a prompt contraction and increased rhythmic activity 
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of the uterus. For ergometrine the minimum active 
dose by intravenous route was 0-1—-0-3 mgm./kgm. 
and for the new alkaloid 0-2-0-5 mgm./kgm. The 
actions of both alkaloids lasted some minutes, and 
owing to the favourable circumstance that the 
interference between the effects of the two alkaloids 
was negligible, it was possible to test them on the 
same preparation. Ergometrine was 1-2 times more 
potent than the new alkaloid. 

On the isolated seminal vesicles of the guinea pig, 
the new alkaloid was approximately 200 times less- 
potent than ergotamine tartrate as an adrenergic 
blocking drug. 

Rabbits anesthetized with urethane supported 
doses of p-lysergic acid methyl carbinolamide which 
would have killed unanwsthetized animals. Rapid 
intravenous injections of small doses (0-1-0-2 mgm. 
kgm.) of the new alkaloid caused an evanescent 
decrease or a small increase of blood pressure ; with 
higher doses (0-3-0-5 mgm./kgm. and more) the blood 
pressure increased moderately without showing any 
dose/response relationship. Ergometrine maleate 
seemed to be less active on blood pressure, and there 
was no significant change of blood pressure with 
0-3-0-5 mgm./kgm. 

The new alkaloid was without effect, when given in 
small doses, on the blood pressure of cats anesthetized 
with chloralose. Higher intravenous doses (0-1-0-3 
mgm./kgm.) caused a sustained hypotension of long 
duration and a moderate decrease of heart-rate. The 
respiration of rabbits and cats was depressed by small 
alkaloid ;: cats seemed to be less 
resistant than rabbits. In cats, 0-01 mgm./kgem. of 
the new alkaloid caused broncho-constriction and 
contraction of the nictitating membrane of long 
duration. 

The new alkaloid had no action on isolated rabbit 
auricles at doses up to 100 ygin./ml. 

In summing up, the new naturally occurring 
alkaloid p-lysergic acid methyl carbinolamide has 
powerful ergometrine-like oxytocie actions and weak 
ergotamine-like adrenergic blocking actions. It must 
be included, on the basis of pharmacological evidence, 
in the ergometrine group of ergot alkaloids. Ergo- 
metrine, however, is less toxic and more active than 
alkaloid. Some of my results suggest that 
it could have a acid diethylamide-like 
activity, but this hypothesis must be checked by 
experiments on humans. 

Full details of this work will be published elsewhere. 
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Repression and De-repression of Enzyme 
Synthesis as a Possible Explanation of 
some Aspects of Drug Action 


AccORDING to recent theories, the induction of 
enzyme synthesis occurs as a result of the displace- 
ment from an enzyme-forming system of a natural 
For example, the synthesis of alkaline 
coli is normally repressed by 
De-repression occurs when 


repressc et, 
phosphatase by EF. 


inorganic phosphate*. 
there is only a small amount of inorganic phosphate 
in the 


medium. The repressor theory is in good 
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agreement with most of the observations which have 
been made on enzyme-inducing systems. The inducer 
need not be a substrate for the enzyme which is 
formed, nor need it serve as a template for the forma 
tion of new enzymes'. 

While this phenomenon is best known from work 
with bacteria, examples of the de-repression of various 
mammalian enzymes have also been reported®. 
Especially interesting are instances of the apparent 
de-repression of enzymes which metabolize certain 
drugs and carcinogens. There is an enzyme system 
in liver microsomes which, in the presence of reduced 
triphosphopyridine nucleotide and oxygen, can carry 
out a number of ‘detoxifying’ reactions. These 
include: the hydroxylation of aromatic rings, the 
O-dealkylation of aromatic ethers, the N-dealkylation 
of substituted amines, reductive cleavage of diazo 
groups, and the oxidation of alkyl side-chains. There 
are probably several different enzymes involved, but 
they all have similar requirements, and all are 
inhibited by diethylaminoethyl-diphenylpropyl! acet 
ate (SKF 525-A)*. 

Many of the known substrates of the reduced 
triphosphopyridine nucleotide — oxygen — microsomal 
system, and some compounds of similar structure, 
ean produce marked de-repression of various enzym- 
atic activities when injected into young rats. Exam 
ples of such increased enzyme synthesis are: in 
creased hydroxylation of 3,4-benzpyrene® and 
2-acetylaminofluorene® ; and increased N-demethyla- 
tion and reductive cleavage of azo dyes’.*. Actual 
enzyme synthesis is believed to be taking place in 
these instances because treatment with ethionine 
prevents such increases in enzyme activity and this 
inhibition is overcome by methionine. 

Another enzyme system which can be de-repressed 
by the same treatment is that which converts glucose 
to glucuronic acid and ascorbic acid. This de-repres- 
sion leads to striking increases in excretion of ascorbic 
acid and glucuronic acid by treated rats *-'°. There 
is also increased conversion of glucose-“C to glucur- 
onie acid and ascorbie acid’. The increased excretion 
of ascorbic acid appears considerably later than the 
rise in activity of the reduced triphosphopyridine 
nucleotide-oxygen-microsomal system, and may 
perhaps be a secondary response to increased synthe- 
sis of glucuronic acid. It can be pointed out that the 
detoxified products of the microsomal system are 
usually further metabolized as glucuronides*. While 
barbital is not metabolized by the microsomal system 
which ‘detoxifies’ other barbiturates, it can neverthe 
less produce the same type of de-repression’. 

It may well turn out that the physiological sub 
strates of both the ‘detoxifying’ microsomal system 
and the glucuronide-synthesizing system are actually 
steroids. The injection of 3-methyl cholanthrene 
or related carcinogens increases the hepatic meta 
bolism of hydrocortisone". Compounds such as 
methyl cholanthrene, benzpyrene and dibenzanthra 
cene could act as de-repressors by virtue of their 
similarity to natural steroid repressors. These 
carcinogens are known to potentiate the biological 
activities of steroids’. There is a sex difference in 
the activity of the microsomal system in adult rats. 
This produces marked differences in the rates of 
detoxification of hexobarbital and the N-demethyla- 
tion of morphine'*. Such sex differences can be 
altered in either direction by treatment with sex 
hormones, and this may represent an example of 
repression and de-repression by steroid hormones. 
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Examples of drvg-induced enz\me repression can 
also be found. An outstanding case is the striking 
decrease in N-demethylase activity found by Axelrod 
in the liver microsomes of rats made tolerant to 
morphine'*, ‘This was suggested as a model system for 
the phenomenon of drug tolerance as seen in narcotic 
addiction'’,4, It was postulated by Axelrod that 
continued exposure to morphine might lead to a 
similar inactivation of a receptor site in the central 
nervous system. This theory does not explain the 
development of physical dependence as manifested 
by the appearance of withdrawal symptoms. 

The concept of drug-induced repression of enzyme 
svnthesis can be used to formulate a scheme which 
serves to explain the features of tolerance to, and 
physical dependence on, narcotics like morphine as 
shown in Fig. 1. 

According to this scheme, morphine can act at two 
sites. By inhibiting at site A the action or synthesis 
of a neurohormone required for proper functioning 
of the central nervous system, it can bring about its 
characteristic effects of depression of the central 
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nervous system, analgesia and sedation. 

On repeated adm n'stration (or on a few 
ments with very high doses!) morphine also begins to 
act at site B, causing de-repression of the system 
which makes the neurohormone-:ynthesizing enzyme. 
This would the amount of neurohormone 
acting on the central nervous system. Tolerance to 
the depressant effects of morphine develops because 
more morphine is now required to depress the central 


treat 


increase 


nervous system. 

Another way in which the same result could be 
achieved is also indicated in Fig. 1. Instead of acting 
at site B, morphine could increase the concentration 
of neurohormone by repressing, at site C, the synthe 
sis of an enzyme which destroys the neurohormone. 
Such a repression would be similar to the repression 
by morphine of the synthesis of morphine N-demethy! 
ase. 

When morphine is withdrawn, the 
increased amount of longer 
‘neutralized’ by morphine, and the result is the excita 
tion of the central nervous system typically observed 
as withdrawal symptoms. This creates an apparent 
physical dependence on the narcotic, since these 
symptoms are readily controlled by a resumption of 
morphine administration. The withdrawal symptoms 
gradually diminish in intensity as the concentration 


afterwards 
neurohormone is no 
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also disappears. ‘Ihe morphine antagonist N-ally] 
normorphine can precipitate withdrawal symptoms 
in an addicted animal by competing with morphine 
for site 4A end thus unmasking the effects of an 
increased concentration of neurohormone. 

‘The examples given here indicate that the concept 
of repression and de-repression of enzyme synthesis 
may prove useful in understanding how drugs can 
modify the biochemical mechanisms which make for 
a normal homeostatic condition in the mammalian 
organism. 
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Glutamic Oxalcacetic Transzminase 
Activity in Different Zones of the 
Ventricular Muscle of the Dog 
OF the tissues of several animal species the myo 
ecardium has the highest concentration of glutamic 
oxaloacetic transaminase (GOT)!'-*. Distribution of 
this enzyme in several zones of the cardiae musele 

has received but scant attention in 


_ the literature. However, it has 

MORPHINE been shown that the dog’s left 

ventricle has a higher GOT activity 

P \ INHIBITION than the right one‘, and a similar 

| difference has been described for 

DE- REPRESSION . , the concentration of adenosine tri 

4, phosphatase and succinie dehydro 

4 genase’. On the other hand, 

ENZYME NEUROHORMONE ——>NEUROHORMONE ——> CNS ACTIVITY Jennings, Kaltenbach and Smetters 
FORMING SYNTHESIZING | failed to note significant differences 
SYSTEM ENZYME in the left ventricle of the dog 
| between the GOT activity of the 

© sEPnession posterior papillary muscle, the left 

NATURAL | ventricle immediately beneath, and 
REPRESSOR the anterior superior septum®. The 
FORMING ENZYME present observations —s that 

SYSTEM _ GOT activity of the myocardium is 

pct not uniform, and that there are 


METABOLITE 


Fig. 1. Hypothetical scheme for explaining some of the actions of morphine in terms of 
repression and de-repression of enzyme synthesis 


significant differences in dogs among 
several zones of both ventricles. 
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Six male and four female adult mongrel dogs, 
weighing between 5 and 8 kgm. were anesthetized 
with sodium pentobarbital (33 mgm./kgm.); the 
heart was removed and two small muscle samples 
from each one of the following zones of the ventricles 
were excised : (a) outer surface from the middle part 
of the free wall (to be called left epicardium) ; (6) inner 
surface of the free wall bencath the removed epicardial 
zone (to be called left endocardium) ; (c) muscle lying 
between the two formerly described (to be called 
mesocardium) ; (d) inner endocardial layers from the 
middle part of the left side of the septum (to be 
called septum). In six further dogs (four male and 
two female), (a) and (b) were removed simultaneously 
with (e) outer surface from the middle part of the 
right free wall (to be named the right epicardium) 
snd (f) inner ventricular surface beneath the previous 
one (to be named right endocardium). Twenty mgm. 
were immediately weighed from each sample in a 
torsion balance to the nearest mgm., and cut in 
1O-u with a freezing microtome. The 
enzyme was extracted by incubation at 2-4’ C. for 
30 min. in phosphate buffer at pH 7-4. Enzyine 
activity was determined by a modification of the 
technique of Cabaud, Leeper and Wroblewski for 
Incubation was carried out at 25° C. 
D,L-aspartic and a-keto glutaric 
All observations were performed 
results were compared with 


sections 


blood serum’. 
for 20 min. with 
wids as substrate. 
blindly’ in duplicate ; 


Student's ¢ test according to Fisher and Yates’s 
Tables’. 
The results expressed in umoles of pyruvate 


liberated per mgm. of wet tissue under the stated 
conditions are shown in Tables 1 


Sm 100 
the method (e =—~; where Sm - standard 
A 
error of the mean ; XxX mean of observations) was 
found to be + 0-81 per cent on 16 duplicate determ- 
nations and performed on one ventricular sample. 


As can be seen the GOT activity of the left endo- 


cardium (1-126 + 0-041 S.E.) is higher than that 
of the left epicardium (6-817 + 0-036). The 
enzymatic activity of the mesocardium (0-946 

0-029) lies between both, while in the septum 
0-971 0-027) it is lower than in the left endo- 
cardium. No significant differences in enzymatic 
astivity are noted between the septum and the 


mesocardium. On the other hand, the right epi- 
cardium has a higher concentration than the right 
endocardium (1-205 0-088 and 0-949 + 0-063, 
respectively). 

The high concentration of the GOT in the myo- 
ardium'-* may indicate that this enzyme has an 
important bearing on cardiac metabolism. Never- 
theless, very little is known about the relationships 
xisting between such an enzymatic activity and the 
manifestations of cardiac activity, namely, 
ioelectrie and contractile phenomena.  Trans- 
amination reactions provide anacrobically certain 


} 


Table 1. GOT ActTIVITY [8 DIFFERENT ZONES OF THR LEFT VENTRICLE 
| No. of GOT in amoles of pyruvate 

Zone | determinations mam. of wet tissue | 

| (1) Epteardium 20 O-817 + 0-036 

(2) Endocardium 20 1°126 
Mesocardium 16 0-946 0-020 

4) Septum 16 0-971 + 
tl va.2 5-722, P < 0-001; t1 = 2-866, P < 0-01; va 


4 8-600, Pe OoL: va. 3 3-660, P 0001: (2 va. 4 
ve 


$75, P 0ooo1; 4 0-833, 
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Table 2. GOT ACTIVITY IN DIFFERENT ZONES OF BOTH VENTRICLES 
| | GOT in umoles OT in smoles 
| | | of pyruvate of pyruvate/ 
| No. of | mgm. of wet No. of | mgm. of wet 
| Zone determ- | tissue (mean + determ- | tissue (mean + 
inations | standard error | inations | standard error 
} of the mean). | of the mean). 
| Right ventricle | Left ventricle 
(1) Epi- | 
cardium 11 1-205 + 0-088 11 0-956 4 0-061 | 
(2) Endo- 
eardium 12 0-949 + 0-063 10 1-201 + 0-077} 
tl vs.2 2-370, P < 005 5, P< 001 
metabolites (oxaloacetic and pyruvie acids, for 


example) which are aerobically oxidized stepwise by 
mitochondrial enzymes of the Krebs cycle, liberating 
@ great amount of energy. In this connexion it has 
been pointed out that the cardiac muscle can use 
these metabolites to supply a large part of the energy 
required to support the contractile activity of the 
myocardium’. 

It is probable that differences in enzymatic activity 
may be related to functional differences of the 
myocardium, since metabolic activity determines the 
fundamental properties of the cardiac fibres. Our 
findings indicate that the free wall of the left ventricle 
shows an enzymatic concentration that falls pro- 
gressively from the endocardium to the epicardium. 
Furthermore, the samples from the left endocardial 
surface of the septum show a lower enzymatic activity 
than those from the endocardium of the left ventri- 
cular free wall. On the other hand, in the right 
ventricle the epicardium has a higher enzymatic 
concentration than the endocardium. When it is 
considered that some of the bioelectrie properties, for 
example, rate of repolarization, are not the same in 
different zones of the myocardium!®, it seems worth- 
while to study the relationships, if any, of these 
properties and transamination activity. 
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Inhibiting Effect of 2 : 4-Dinitrophenol on 
Calciferol-induced Metastatic Calcification in 
the Rat 


Previous investigations by Trout’ 
mdicate clearly that the deposition of mineral in the 
aorte of calciferol-intoxicated rats continued long 
after cessation of administration of th's compound and 
after the blood calcium-level had returned to normal. 
It appears that, once initiated, this process follows 
an irreversible course, at least in the aorta, since even 
160 days after the initial insult there was no evidence 
of a reduction in the mineral content of the aorta. 
Attempts to mhibit calciferol-induced calcification 
of the aorta by the simultaneous administration of 
papain (which the mucopolysaccharide 
content of the aorta) were unsuecessful?. 

Since the calcification is accompanied by a large 
it was decided 


and by us? 


reduces 


inerease in aortic phosphorus content, 
to investigate the effect of 2: 4-dinitrophenol 
(DNP) on the action of calciferol administered simul- 
taneously for it has been shown by Whitehead 
and Weidman‘ that DNP in vivo inhibits the synthesis 
of adenosine triphosphate, as measured by the 
incorporation of phosphorus-32, and also the imcor- 
poration of the isotope into the bone salt of kitten 
cartilage. Gutman and Yii® found that calcification 
in vitro was markedly inhibited by 2: 4-dinitrophenol 
at 10-¢ M concentration. Whitehead and Weidman 
suggested that the relationship between phosphorus- 
32 incorporated into bone salt and adenosine tri- 
phosphate is that the latter 1s required to ini- 
tiate the formation of a primary seed which acts as 
a nucleus for the subsequent deposition of bone 
salt. 

Accordingly, 20 male Wistar strain rats, initially 
weighing approximately 250 gm., were divided 
randomly into four groups of five. Group I was given, 
twice daily, intraperitoneal injections of 3 ml. of 
0-9 per cent sodium chloride solution for twenty days. 
Group II received identical saline injections, together 
with ealciferol (a total of 100,000 units kgm. body- 
weight) given orally, in daily doses, as @ solution in 
arachis oil from day 6 to 10 inclusive. Group [II were 
given, twice daily, injections of 3 ml. of a saturated 
solution of DNP in 0-9 per cent sodium chloride, 
while Group IV received the same injections together 
with caleiferel orally as in Group II. On day 20 the 
animals were killed and the aorta, lungs and stomach 
dissected out. The tissues were dehydrated with 
acetone, defatted with ether aleohol (1:1 v/v) and 
dried to constant weight at 100°C. A second series 
of animals received the same treatment, but were 
killed on day 9 of the experiment, that is, 4 days 
after starting calciferol treatment, and bled from the 
heart the serum was analysed for calcium and 
inorganic phosphorus. Differences between means 
were assessed by the Mann-Whitney U test, using 
the 5 per cent level of significance. 

Table 1 shows the mean aortic dry weight and the 
calcium and phosphorus contents of the aortz. 
Calciferol treatment resulted in an approximately 
two-and-a-half-fold increase in mean aortie dry 
weight, similar to that previously found by us’. 
We have found this increase in weight to be due largely 
to the increased mineral content of the aortze (see 
below). For this reason, the results for calcium and 
phosphorus are expressed in mgm./aorta. It will 
also be seen from Table 1 that DNP, administered 
simultaneously with calciferol, significantly reduced 
the effect of calciferol on total aortic weight, although 
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Table 1. Day WEIGHT AND MINERAL CONTENT OF RAT AORT# 


| 
Calcium / 


| 


Treat- | Dry fat- | Calcium | Phosphorus phos- 
Group| ment free weight | (mgm (mgm./ | phorus 
| (mgm.) | aorta) aorta) | ratio 
I | Saline 
only 16-7 | 0-2140-06 | 0:07 40 30:1 
If | Saline + | | | 
calciferol| 43-8 | 6:2340°91 | 2-300 2 
Il | DNP | | 
only | 0-1120-01 | 0-08 0-01 
DNP + 
ealciferol, 28-1 44-0 2-88. 1°04) 1-1540°31 2°6:1 


* Mean 


DNP alone had no effect at all on the aortie dry 
weight. 
Calciferol treatment also resulted in 
in both ealeium and phosphorus contents 
DNP alone had no effect on these 
but when given simultaneously with 


significant 
mcreascs 
of the aorta; 
constituents, 

ealciferol, significantly reduced the degree of mineral- 
ization induced by calciferol, by approximately one- 


half. The caleium—phosphorus ratio of the aortz 
tended to be reduced in the two groups receiving 
DNP injections, but, due to wide variations in 


individual values, the differences were not significant. 

Results similar to those from aoriwe were obtained 
for lung and stomach ; for cale fe rol produced s gnuifi- 
cant increases in the calcium and phosphorus contents 
of these organs as well? and DNP, given simultane- 
ously, reduced this effect. 

The results of the serum calcium and phosphate 
determinations showed that calciferol markedly 
increased both these serum constituents (calcium— 
phosphorus product raised to 125 compared with 
control value of 77). However, despite its marked 
effects on tissue mineralization, DNP given simul- 
taneously with calciferol did not affect the increases 
in serum calcium and phosphorus induced by calci- 
ferol. 

Hence it would appear that the inhibiting effect of 
DNP on the calcification induced by calciferol is 
not mediated via any overt action on blood calcium 
or phosphato-levels. It would thus seem to exert 
wt on the tissues, although an indirect 


some direct effe 
for example, 


action, via the endocrine 
parathyroids, cannot be ruled out at present. 

A full account of this work will be published else- 
where. It was conducted with the aid of grants 
from the Nuffield Foundation, the Wellcome Trust, 
the South African Council for Social and Industrial 
Research, and Mr. Ronald Cohen. 
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* Present address: Department of Experimental Pathology, Agri- 
cultural Research Council Institute of Animal Physiology, Babraham 
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Function of the Hypophysis-Thyroid 
System in the Rabbit Foetus with Regard 
to Cholesterol Metabolism 


THE experimental studies of Jost! and Hwang and 
Wells? have demonstrated the functional inter- 
relationship of the pituitary and thyroid in the rabbit 
and rat foetus. Rumph and Smith* showed that the 
thyroid of the 90-mm. pig foetus contains a sub- 
stance which would induce metamorphosis in the 
hypophysectomized tadpole. Geloso* demonstrated 
the presence of thyroid hormones in the blood of 
the rat foetus. Jost and Picon® showed that fetal 
thyroidectomy resulted in an increase in total body 
fat in the rabbit fetus. Bearn* found an increase 
in liver fat following hypophysectomy by decapita- 
tion in the rabbit foetus, and correlated this with the 
increase in the fat content noted in human anen- 
cephalic foetuses. These experiments can be taken 
to indicate that the foetal thyroid is capable of fune- 
tion, and that its function is regulated by the foetal 
pituitary. 

It is well known that there is in both adults and 
in infants a relationship between thyroid 
function and cholesterol metabolism. A rise in blood 
cholesterol has been reported in hypothyroidism’ 
and in cretinism*. It was therefore decided to 
investigate the role of the pituitary and thyroid of 
the rabbit foetus in the regulation of cholesterol 
metabolism. 

Nineteen rabbit fietuses were decapitated by a 
modification of the method described by Jost®. Nine 
fstuses were decapitated through the neck to remove 
the thyroid as well as the pituitary, and ten were 
decapitated through the mouth to preserve the 
thyroid The operation was performed between 
days 21 and 23 following witnessed mating, and 
the foetuses were recovered after seven days of 
further intrauterine development ; 53 litter 
were used as controls. 


close 


hates 


The cholesterol-level of the blood was determined 
blind by the method described by Abell et al.’°, and 
the results expressed in mgm. per 100 ml. As used 
in this laboratory, the method has a standard error 
of blind duplicates of 8-3 mgm. The results are 
summarized in Table 1. 


Table 1 CHOLESTRROL-LEVELS IN SERUM OF AND 


CONTROL FOTUSES 


DECAPITATED 


Age at 
investigation 


Mean serum 
cholesterol 
(mgm./100 mil. S.E.) 


Low decapitation | 


(at 21-22 days) 28-29 days § 142 
Litter mate con- 
trols 

High decapitation 
(at 22-23 days) 
Litter mate con- 
trols 


28-29 days 
29-30 days 


20-30 days 


* These differences are significant, P 0-001, 


There is a variability in the level of blood cholesterol 
from one litter to another, but the level in each of 
the control foetuses from a single litter shows little 
variation. 

The decapitated foetuses all showed a significant 
rise in blood cholesterol, even in those feetuses in 
which the thyroid was left behind and only the 
pituitary removed. 

These preliminary results indicate that the foetal 
pituitary and thyroid play a part in the cholesterol 
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In addition, they indicate 
that maternal thyroid hormones and maternal 
thyrotropic hormone do not compensate for the 
absence of fietal thyroid and pituitary hormones in 
the rabbit. 
We thank Profs. E. W. Walls and 
horst for their help in this work. 
One of us (J.G.B.) is indebted to the Medical 
Research Council for a grant towards apparatus 
J. G. BEARN 
Department of Anatomy, 
Middlesex Hospital Medical School, 
London, W.1. 


metabolism of the foetus. 


A. C. Dorn- 


H. B. KoreRSELMAN 
T. R. E. 
Medica! Unit, 
St. George's Hospital Medical School, 
London, S.W.1. 
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Rate of Anaerobic Glycolysis versus Structure 
in Pork Muscle 


THe pH of pork musculature after cessation otf 
post-mortem glycolysis (ultimate pH) has long been 
known to be decisive for structure and water-holding 
capacity of the muscle. Recent observations'.* have 
shown that considerable variation in 
muscle with the same ultimate pH may be recorded 
The rate of the post mortem pH fall was found to be 


structure of 


of considerable importance. > 
The investigations which are briefly reported here 
were facilitated with a pH meter (Radiometer mode! 
No. 31; electrode-elector type ELS31 ; electronic re 
corder type 153, Honeywell) for continuous and 
simultaneous pH and temperature recordings. Six 
pH electrode pairs (glass electrodes G 2326, calomel 
electrodes 4116) were inserted in representative 
muscles and permitted to remain in position from 
1 to 24 hr. post mortem. Careful tests have not 
revealed any indications of artefacts arising from this 
The careasses from 20 Danish Landrace 
used in this work. The 


procedure. 

pigs (85-95 
continuous recordings from these carcasses depict at 
least four distinct types of post mortem pH patterns : 
(1) A slow gradual decrease to an ultimate pH of 


were 


5-7-6-3. (2) A gradual decrease to approximately 
5-7 at 8 hr. with an ultimate pH of 5-3-5-7. (3) A 
relatively rapid decrease to approximately 5-5 at 
3 hr. with an ultimate pH of 5-3-5-6. (4) A sharp, 
significant decrease to a pH of approximately 5:1 
at 14 hr. and a subsequent elevation to 5-3-5-6. 

The anaerobic glycolysis of the type 4 compared 
to the type 2 pH pattern and the effect on the tissue 
of the longissimus dorsi muscle will be briefly elabor 
ated. 

A Radiometer pH meter (model 24) was used to 
determine pH values at 15-min. intervals to the 
1-hr. period while the carcasses were in the slaughter 
line. Afterwards the carcasses were transferred to a 
3° C. atmosphere for continuous recordings (pH 
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Fig. 1 


to 24 hr. Thermocouples 
laced in the muscle 
Samples 


and temperature) from 1 
and electrodes were uniformly ] 
in the area of the second lumbar vertebra. 
of the longissimus dorsi from the twelfth rib to the 
last lumbar vertebra of the opposite side were secured, 
for analysis, at various intervals as indicated in Fig. 1. 

The results in Fig. 1 show the features of a slow 
rate of anaerobic glycolysis (type those in Fig. 2 
depict the rapid rate of the type In the 


» 


4 muscle. 
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in 14 hr., 
» 


type 4 muscle pH decreased to 5:1 -§-2 
In the type 2 


while the temperature was 36—40° C. 
muscle the lowest pH around 5-5 was not reached 
until the temperature approximated 4° C. The 
difference in the rate of pH fall was due to difference 
in rate of anaerobic glycolysis as illustrated by the 
glycogen! and lactic acid? determinations. The type 
4 muscle initially contained a relatively high per- 
centage of protein bound glyeogen. This may be 
seen by comparison of the amounts of glycogen 
soluble in trichloracetic acid in a single rapid extrac- 
The liberation of ammonia* and depletion 
(7’P) (ref. 7) suggest that rigor 
mortis oceurred during the first 30-45 min. in the 
type 4 muscle, compared to 4-6 hr. post mortem for 
the type 2 musele, It was furthermore noticed that 
the decrease in temperature during the first 2 hr. was 
comparatively slow im the type 4 muscle, apparently 
due to the heat of the rapid glye ylytie reactions. 
The effect of pH and onset of rigor mortis on the 
water-holding capacity of the tissue is depicted by 
the ‘loose-water’ (LW) number which gives the amount 
of water in mgm. which ean be pressed out of 1 gm 
meat under standardized conditions'. In the type 4 
muscle these numbers rise very sharply to high values 
and the meat assumed a pale colour. These changes 
suggest partial denaturation of the meat proteins’. 
The sharp pronounced elevation in the type 4 pH 
ted to partial denaturation of 
In this context it is interesting 
to note that the protemns of the type 4 muscle show 
increased affinity for safranine and orange C dyes 
which have been used to determine acidic and basic 
Furthermore, these protems bind increased 
dye, which is regarded as a 
Average results are reported 


of labile phosphate 


curve appears conme 
the muscle proteins. 


groups". 
amounts of congo red 
sign of denaturation’. 
in Table 1. 


Table 1. DYB-BIN DING PROPERTIES ( 24-HR. SAMPLES) 
Type 2 Typed 

Orange (* 13°94 17-70 

Safranin® 14-44 18°71 


Congo redt 840 (7-79)3 


* Equiv. per 10* gm, protein 
dye-bound/100 mgm. 
$15 min. post mortem. 


protein 


for the importance of the acid 


Further support 
temperature relationship has been shown by repeated 
trials with sections of the longissimus dorsi muscle. 


were removed from the carcasses, 
post mortem, and held at varied 

The sections which were retained 
at 37° C. for 1} hr. displayed the characteristics of 
type 4. Convers ‘ly, those which were chilled rapidly 
seemingly avoided the extreme drop in pH and were 
normal in colour and structure. 

Preliminary observations of biopsy samples from 
six Danish Landrace pigs which ultimately showed 
the type 2 and type 4 pH curves are shown In Table 
2 Three weeks prior to slaughter the pigs were 
anesthetized with trichloro ethylene and biopsy 
samples were removed from the lumbar region of 
The biopsy samples 
the type 4 pH 


These sections 
immediately 


temperatures. 


the longissimus dorsi muscle!®, 
of pigs which ultimately showed 


pattern contained greater total glycogen, higher 
of protein bound glycogen and faster 


percentage 
phosphorylase activity. Similarly, these pigs possessed 
a smaller pyruvic acid pool and a greater lactic acid 


7 
og 
4 
“LW 
- 
‘ 
Fig. 2 
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Table 2. GLYCOLYTIC COMPONENTS (BIOPSY SAMPLES) 


Type 2 Type 4 
Total (mgm./gm.) 402 7°45 
Glycogen (acid-soluble) (per cent of | 
total) 49-64 
Pyruvie acid (mgm. per cent) 2°30 1-1 
Lactic acid (per cent) 
Phosphorylase (ingm. glycogen/gm 

11°38 15-49 


tissue /30) min.) 


coneentration. Results to date also suggest that lactic 
acid is converted to pyruvic acid, in vireo", at a 
slower rate in muscles with the type 4 pH pattern. 

It is hoped to publish a complete account of these 
investigations elsewhere. One of us (E.J.B.) is 
grateful to Oscar Mayer and Co., Madison, Wisconsin, 
for their support (on leave from University of 
Wisconsin) for the duration of this work. 

J. WitsMER- PEDERSEN 
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E. J. Briskry 
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2. In vivo deformations of erythrocytes of unanesthetized 


rata after intramuscular injection of Vipera palestinae venom 


cells in normal 


plasma. In the present work an 


attempt was made to establish whether similar 
changes of red blood cells oceur also in vivo. 
Sublethal and lethal doses of venom were injected 
by the intramuscular and intravenous routes to 
rabbits and rats anesthetized with urethane or 
pentobarbital sodium as well as to non-anwesthetized 


animals. 


A drop of rat blood from the tail tip was 


introduced directly into 0-5 ml. of 0-5 per cent 
osmium tetroxide solution in phosphate buffered 
isotonic sodium chioride, pH 7:2. Rabbit blood 
samples were drawn from the ear vein or from the 


jugular vein. 


Blood cells were examined under the 


phase contrast microscope, or, after a single washing 
of the fixed cells with distilled water, in aluminium 
shadow-cast smears?, in which the various shapes of 
200 erythrocytes were counted. The degrees of 
deformation observed were classified as follows: 
(1) normal bidisecoids; (2) slightly deformed cells 
(the bidiseoid form no longer recognizable, but not 
vet crenated); (3) grossly crenated cells; (4) 
finely crenated spheres of small diameter; (5) 
spheres of small diameter. 
In unanesthetized non-venom -treated animals 
95-100 per cent of the red cells were 
bidisecoid. The majority of the 
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Deformation of Red Cell Shape induced by 
Vipera palestinae Venom in vivo 

It has been previously reported' that Vipera 

palestinae venom causes in vitro disk-sphere transform- 

ation of red blood cells in the presence of plasma 

without producing hemolysis. This phenomenon 

could be reversed by suspending the spherical red 


 @100% & anesthetized non-venom - treated 
Os 78%) animals, _however, showed some 
lif degree of deformation of the red 
Li blood cells, ranging from practically 
g | 0 to 37 per cent slightly deformed 
erythrocytes (degree 2). After 
3 , & intramuscular injection of venom 
q ly seaside the degree of deformation as well 
© —_Grossty Crenatea as the percentage of cells with a 
a 2 mg Venom/hg after SO mia) O Finely Crenoted higher degree of deformation §in- 
20 | mg Venom/ keg ( survived) Spheres creased with time. With increasing 
doses the changes occurred more 
10 20 30 40 50 60 70 80 90 120 160 180 240 Fig. l presents the progressive 
deformation of erythrocytes of 


Min. 


Fig. 1. In vivo deformations of erythrocytes of anesthetized rabbits after intramuscular 
injection of Vipera palestinae venom 


anwsthetized rabbits injected intra- 
muscularly with sub-lethal and 
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lethal doses of venom. The curves represent the per- 
centage of deformed cells, counted after various time- 
intervals. 

Sublethal doses (up to 1 mgm./kgm. intramuscular) 
induced maximum deformation after about 3 hr. 
Thereafter reversion to the normal bidiscoid shape 
began, reaching completion after 6-48 hr. Lethal 
doses produced rapid progressive deformations, 
culminating in complete sphering; the higher the 
venom dose, the earlier this occurred. 

Fig. 2 represents the findings m unanesthetized 
rats. When a lethal (2-5 mgm./kgm. intra- 
muscular) was injected the deformation reached a 
maximum shortly before the animal died, while no 
ghosts were observed. This is in agreement with 
the venom having no direct haemolytic activity 7 
vitro*. On the other hand, injection of the venom 
of Naja naja (cobra), known to have direct haemolytic 
activity, did produce ghosts. After administration 
of a sublethal dose (1 mgm./kgm.) reversion of the 
deformation occurred and was completed after 24-48 
hr. 

In view of these results it is suggested that the 
severity of Vipera palestinae snake bite might be 
judged by the study of the degree of deformation 
of the red cells in a sample of peripheral blood, 
fixed in osmium tetroxide. 
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Di*, Js* and V Blood Groups in South 
and South-East Asia 


Tue red-cell antigens, Di* and Js4, are among those 
of special genetic markers in human 
populations because they attain reasonable frequency 
in at least one of the major divisions of the human 
race, but are rare or entirely absent in all others. The 
Di® blood-group factor is restricted to American 
Indians and Mongoloid populations' or those of 
mixed American Indian ancestry*. The more 
recently discovered Js@ antigen has been detected 80 
far only in the blood of Negroes or of those with the 
possibility of Negro ancestry*. A third blood-group, 
the Kh antigen V, also may be highly restricted, since 
it is found most commonly in the blood of Negroes, 
and only rarely in Caucasians, American Indians or 
Orientals‘. The distribution of none of these three 
antigens, however, has been studied widely in Asiatic 
populations. We consider it worth while, therefore, to 
present the results of such a study. 

Samples were collected in the field into ‘Bayer’ 
venules and allowed to clot. They were sent as soon 
as possible in ice-cold containers to Perth and were 
generally tested not more than seven days after 
collection. Adults only were sampled. Although 
attempts were made to secure blood from unrelated 


interest as 
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individuals, this was not always possible in the cas: 
of relatively small breeding populations, such as 
the Veddahs in Ceylon, the Irulas and Kurumbas i 
south India and the Maco and Yeo tribes in northern 
Thailand. 

All tests were carried out using a standard ant) 
human globulin reagent prepared at the Common 
wealth Serum Laboratories. The reactions were 
carefully controlled, and only cells were tested 
which gave a completely negative reaction against 
the anti-human’ globulin’ reagent alone. To 
check the validity of the Js® and V reactions cells 
aged to the same degree were tested with anti-Js4@ and 
anti-V by Dr. Eloise Giblett in Seattle, and known 
ve and V + ve cells sent from Seattle were 
confirmed by similar reactions in Perth. 

The results, as set out. in Table 1, show no Js4 + ve 
or V ve reactions for 1,274 individuals from twelve 
ethnic groups in south and south-east Asia. Similarly 
there were no Dia + ve individuals among the 
Veddahs of Ceylon, the Veddoid Irula and Kurumba 
tribes of South India or among the Tamil, Singhalese, 
Punjabi or Pathan populations sampled. Di® + ve 
reactions were found, however, in Malays, Thais in 
Bangkok and Chiengmai, the Maeo and Yeo tribes in 
northern Thailand and the Oraon tribe from the Chota 
Nagpur Plateau in India. Attention should be 
directed to the single Indian in the sample from 
Perlis in northern Malaya who gave a Dia + ve 
reaction. This person was born in Malaya, and it is 
possible that there had been some admixture of 
Malayan blood which introduced the Di@ antigen in 
this case. 


Jsa + 


Table 1. Necwper oF Dm+VE, Jsa+vR AND V+VE REACTIONS IN 
BLOOD FROM VARIOUS POPULATIONS IN SOUTH AND SocTuH-East ASIA 


Ethnic group No. tested | Dit+ve | Jaa + ve 


Ceylon 
Singhalese 
Tamils 
Veddahs 
India 
Kurumbas 
Irulas 
| Oraons 
| Pakistan 
Punjabis 
Pathans 
Thailand 
Thais (Bangkok) 
Thais (Chiengmai) 


Indians 


* Not tested with anti-Dis, 


These results, together with those reporting th: 
absence of Dia + ve reactions in Australian aborigines 
and other Pacific Island populations’, lend support 
to the view that the Di# antigen is restricted to people 
of Mongoloid descent. But if this is true the presence 
of 5 per cent Dia + ve individuals among the Oraons 
of the Chota Nagpur Plateau merits further study. 
It is possible that there has been a considerable flow 
of Mongoloid genes into the tribal populations of 
eastern India, and we hope to publish elsewhere a 
more detailed analysis of this problem. 

The complete absence of the Js® antigon reactions in 
the whole of south and south-east Asa, together with 
its previously reported absence in Caucas an, Ameri 
ean Indian and Polynesian populations, supports 
the view that this antigen is restricted to Negroes 
In this connexion its absence in the Irula and 
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Kurumba tribes, despite the presence among them 
of a high sickling frequency‘, is of special interest. 

Finally, although there has been relatively little 
study of the distribution of the Rh antigen V, its 
complete absence in the present investigation 1s 
searcely consistent with the finding of it in low fre- 
queney in Oriental, Caucasian and American Indian 
populations’. Because of its low frequency in these 
populations, however, a much larger series would be 
needed to exclude its presence in Asian populations 
with certainty. 

We are indebted to Dr. M. Layrisse for supplying 
anti-Dia serum and to Dr. Eloise Giblett for supplying 
anti-Js® and anti-V sera, and also for assistance in 
checking Js® and V reactions. Mrs. E. I. W. Vos 
gave us valuable technical assistance and many 
persons assisted in the collection of blood in the field, 
particularly Drs. R. L. Wickremasinghe, T. Perera, 
Ali Mohammed Khan, Sommai Sri-ngarm and Sister 
D. Piljain. The collection of blood samples was made 
possible by a South East Asia Treaty Organization 
fellowship to one of us (R. L. K.) and the cost of air 
transport of samples was defrayed by a grant from 
the Australian National Health and Medical Research 
Council. The University of Western Australia aiso 
gave generous financial assistance. 
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Antibodies against Autologous Brain 
in Rats with Allergic Encephalomyelitis 


It is known that rats and other animals injected 
with nervous tissue emulsified in Freund's adjuvant 
may develop allergic encephalomyelitis within 2-3 
weeks'-*. Many of the injected animals, irrespective 
of whether they develop encephalomyelopathy, 
produce complement -fixing antibodies which specific - 
ally react in vitro with homologous or heterologous 
brain extracts'*. The role of these complement- 
fixing anti-brain antibodies, however, in the patho- 
genesis of allergic encephalomyelitis remains unknown. 

Paterson’ has recently shown that allergic en- 
cephalomyelitis may be transferred in rats using 
lymph node cells from donors injected with nervous 
tissue-adjuvant. In this work, complement-fixing 
anti-brain antibodies appeared in the sera of many 
recipients, whether or not they developed allergic 
encephalomyelitis. For this reason, it could not be 
concluded whether the lesions in the recipients were 
caused by anti-brain antibodies released by the lymph 
node cells following transfer and/or by the transferred 
Ivmph node cells themselves. 
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Direct evidence that circulating antibodies are 
important in production of allergie encephalomyelitis, 
by passively transferring the disease using serum, has 
not been reported. Attempts by various workers 
(see review by Chase*) to accomplish transfer in this 
manner have failed. Kabat et al.* suggested that 
failure to transfer allergic encephalomyelitis by 
serum might well be due to continual absorption of 
circulating antibodies by the donor’s own (autologous) 
brain. Indeed, Kabat, Wolf and Bezer'® demon- 
strated that injection of autologous brain can induce 
allergic encephalomyelitis in monkeys. The present 
work indicates that complement-fixing antibodies 
induced in rats by nervous tissue-adjuvant can react 
in vitro with autologous brain. 

Each of 22 adult Wistar rats received 0-7 ml. of 
guinea pig spinal cord homogenate Freund's 
complete adjuvant, distributed equally among seven 
intracutaneous sites over the dorsum and ventral 
neck. The animals were observed daily for clinical 
signs of encephalomyelitis (for example, hindleg 
paralysis) for 21 or 25 days. They were then killed 
by cardiac puncture to obtain sera for complement- 
fixing tests. At this time, one half of each rat brain 
was used for preparation of autologous rat brain 
antigen. The remaining brain and spinal cord of each 
animal were used for histological studies. Each rat 
serum was tested for complement-fixing antibodies 
against autologous brain and homologous brain and 
kidney antigens. The complement-fixing technique 
employed and the method of preparing ethanol 
extracts of these tissues for use as antigens differed 
from those used previously"! as follows: (a) the 
tissues were not lyophilized prior to extraction with 
absolute ethanol ; (b) the complement-fixing reaction 
mixtures, containing five 50 per cent hemolytic units 
of complement, were held at 4-6° C. for 18 hr. before 
addition of the hemolytic system. 

Fourteen of 22 sera tested (Table 1) fixed comple 
ment with autologous brain. Eleven of these 14 
sera also fixed complement with homologous brain 
None of the remaining 8 of the 22 sera tested fixed 
appreciable amounts of complement with either auto- 
logous or homologous brain. Past work im our 
laboratory indicated that such complement-fixing 
antibodies are not present in sera of normal rats or 
in sera of rats injected with guinea pig kidney- 
adjuvant'?. Those sera tested against homologous 
kidney were negative. 


Table 1. COMPLEWENT-FIXING (CF) ANTIBODIES IN SERA OF RATs 
AFTER INJECTION OF GUINEA PIG SPINAL COR!) IN FREUND'S ADJUVANT 


CF antibody titre of sera against indicated antigen® 


Rat No Autologous Homologous Homologous 
brain brain kidney 
xt <4 
16 32 4 
2 32 + 
4 4 4 
16 5 4 
16 4 
4 
4 ND 
ND 
4 ND 
4 ND 
8 4 ND 
8 4 ND 
4 <4 ND 


* Sera tested in dilutions of 1-4 to 1-123 against 1: 25 dilution of 
brain and kidney antigens. 

t Reciprocal of greatest dilution of serum giving maximum fixation 
of complement. 
ND, not done. 
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expected from previous work**!'*. no direct 
correlation existed between the occurrence of allergic 
encephalomyelitis and the presence of the comple- 
ment-fixing antibodies detected here against either 
autologous or homologous brain in individual rats 
Ten of 14 rats, the sera of which reacted with auto 
brain, had signs and or 
allergic encephalomyelitis. Five of 8 rats, 
which did not react with autologous brain, developed 


lesions of 


the sera of 


logous clinical 


disease. 

Our results (Table 1) indicate that injection of rats 
with heterologous spinal cord may induce comple 
ment-fixing which with 
autologous nervous tissue. 


antibodies react vitro 
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Tyrosyluria in Human Subjects 


TYROSYLURIA, that is, an abnormal excretion of 
aromatic metabolites of tyrosine, has long been known 
to oeeur in human subjects in ascorbic acid deficiency, 
particularly after a high tyrosine diet ; it is readily 
abolished by feeding ascorbie acid. Recently, how- 
ever, Bloxam ef al.' have reported fairly rare cases 
of a tyrosyluria in apparently normal infants which 
cid not result from acid-defi 
ciency and which disappeared spontaneously with 


seem to ascorbic 
time. 

We find this observation particularly 
believe that other cases of tyrosyluria, 
detectable by chromatographic methods though 
probably mostly within the normal of less- 
specific analyses, occur frequently in ill 
We have previously described an increased excretion 
of some tyrosine derivatives in stress?, and have now 
often observed similar phenomena in pathological 
urines of many types, from subjects not obviously 
suffering from lack of dietary ascorbie acid or from 
liver damage. 

In many of these subjects, as with those of other 
workers, the characteristic compounds excreted in 
quantity are  p-hydroxyphenyl-pyruvic 
acids. Both substances are probably 


interesting, 


since we 


range 
subjects. 


abnormal 
and -lactic 
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invariable minor constituents of normal human 
urine: the pyruvic acid has always been detected 
(as p-hydroxybenzalhydantoin) in extracts of acid 
hydrolysed urine* and is presumably accompanied 
by trace amounts of the lactic acid, its reduction 
product. However, using extracts of urine equivalent 
to |-min. exeretion prepared by the method of Hill 
et and chromatographed in ‘sopropanol ammonia 
followed by n-butanol-pyridine water (70: 10: 20), 
we have but rarely detected (diazotized sulphanilic 
acid) p-hydroxyphenyllactic acid im healthy male 
British subjeets, mostly young Royal Air Force 
personnel. It may be noted, however, that Arm 
strong et al.® reported it as being one of the more 
Though 
well be 


common constituents in their normal urines. 
this difference from observations may 
accountable in terms of technique, diet and a less 
restricted age-group ot subjects, at least one other 
factor is of interest—the altitude (5,000 ft.) of the 
Salt Lake City laboratories of Armstrong and his 
yroup. Tyrosine metabolism is so linked with that of 
ascorbie acid that. possible changes in the latter as a 


our 


result of anoxia® leaves some ground for speculation 

Bloxam et al.' noted that the urines they examined 
contained p-hydroxyphenylacetic acid, while Boscott 
and Cooke? examined a group of subjects who rarely 
excreted p-hydroxyphenyllactic acid, but in whom the 
major tyrosine metabolite appeared to be p-hydroxy 
phenylacetic acid. The technique employed by the 
latter workers is open to some criticism, while the 
former did not comment on the excretion of the acetic 
and made no claims 
Further difficulties in 
the acid 
ty ramime or Vie 


infants in general 


significance 


acid by 
regarding its 
interpreting this latter arise, 
might origmate from tyrosime via 
p-hydroxyphenylpyruvie acid, either metabolically 
or by decomposition in urine At least im rats, 
recent work* has shown that it does not appear to be 
dependent on intestinal micro-organisms. We find 
p-hydroxyphenylacetic acid to be invariably detect 
able in normal urine (ef. ref. 5). Occasionally it has 
been detected in usually large quantity, but, with the 
exception of one subject who excreted it consistently 


since acetic 


thus, such occasions appear to be atypical of the 
subjects. In contrast, high rates of excretion have 
often been noted in both stress and other pathological 
conditions, not necessarily in subjects also excreting 
p-hydroxyphenyllactic acid. It seems necessary to 
that two 

tyrosyluria do im fact exist. 

Yet other tyrosine derivatives 
present in large quantity in pathological 
p-hydroxyphenylpropionie acid has only occasionally 
been noted ; p-hydroxybenzoic acid is unfortunately 
certainly only derived = in part from tyrosine ; 
tyramine may intimately with 
p-hydroxyphenylacetie acid ; the compound recently 
identified with p-sympatol® may, by reason of its 
known physiological activity and unusual structure, 
be more than a mere by-product of tyrosine degrada- 
tion. Another type of hydroxyphenyluria is charac 
terized by the excretion of a group of unidentified 
phenols, sometimes in such relatively large amounts 
that. it is difficult to account for them except in terms 
of tyrosine metabolism (the possibility of an origin 
Failure to react with 


consider the possibility distinet types of 
SOLDLOT 


Urines 


are 


connected 


from drugs has been excluded). 
2 : 6-dichloroquinonechloroimide indicates the pre- 
sence of the appropriate p-hydroxy grouping, while 
ease of oxidation suggests a possible second oxygen 
substituent (perhaps a conjugated hydroxyl group) 
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in the benzene nucleus. It is of interest that Bloxam 
et al’ detected an unknown phenol, while Boscott 
and Cooke’ more specifically stated that their subjects 
exereted large quantities of polyphenols, including 
catechol. Further, in the single classical case of 
‘tyrosinosis’'* the subject excreted, besides p-hydroxy- 
phenyl-lactiec and -pyruvie acids, a third compound 
identified as 3: 4-dihydroxyphenylalanine, though 
unfortunately only on the basis of its properties and 
a carbon-hydrogen analysis. Normally degradation 
of tyrosine proceeds through a 2 : 5-dihydrox) 
phenol, homogent isic acid. 

The term tyrosyluria may cover a number of 
abnormalities : how each may best be characterized 
is at present problematical. It seems likely that the 
development of accurate quantitative analyses for 
many urinary phenols will be essential for further 
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RADIOBIOLOGY 


Strontium-90 in Human Plasma 

THE average daily dietary intake of strontium-) 
in Britain during 1958 has been assessed as about 
6 ue. per gm. calcium'. It is well known that dis 
crimination agaist strontium relative to calcium 
takes place in absorption from the gut and excretion 
by the kidney*. The combined effect of these dis- 
criminatory processes would lead to an expected 
concentration of strontium-90 relative to caleium in 
human plasma of about one-quarter that in the dict, 
that is, about 1-5 uwue. strontium per gm. calcium in 
1958. No measurements of the strontium-90 content 
of human plasma have yet been reported. On the 
basis of the above estimation, at least 20 litres would 
be required for a measurable activity to be obtained 
Thus the same individual must be bled on a large 
number of occasions over a long period of time or 
many individuals must be bled to provide a bulked 
Specimen. 

The Blood Products Laboratory, Lister Institute, 
provided us with 70 bottles containing about 120) 
litres of pooled plasma unfit for transfusion 
because of bacterial contamination. This had been 
prepared from whole blood collected between Novem 
ber 1958 and March 1959, except for about 2 litres 
dating from mid-1958. The consignment was divided 
into’ two parts: (1) South London, Birmingham, 
Bristol, Cambridge, Cardiff, Leeds and Belfast ; (2) 
Liverpool, Manchester, Newcastle, Sheffield and the 
north-east Metropolitan area. The strontium-90 
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content per gm. calcium in these two bulked plasmas 
has been determined. The results are taken to be 
representative of an adult population at the end of 
1958. 

Strontium together with calcium was precipitated 
in each bottle of plasma by the addition of a known 
of saturated oxalic acid. The solids were 
separated by centrifugimg, bulked and thermally 
ashed at about 400° C. 

The calcium content of each of the two batches 
was determined on a weighed aliquot by the standard 
oxalate — permanganate method. Strontium was 
separated from the large excess of calcium im the 
resulting ash by successive precipitations of strontium 
nitrate in 78-80 per cent nitric acid. The strontium 
90 content was determined by separating chemically 
the daughter product, yttrium-90, after radioactive 
equilibrium had been re-established. The radioactive 
decay of yttrium-90 (half-life, 64 hr.) was followed 
over about eight days using an anti-coincidence 
counter. After correction for chemical loss (about 
40 per cent) and self-absorption (5 LO per eent) the 
final results obtained were 1-1 and 1-4 wuc. strontium- 
90 per gm. caleium in the two batches. The estim 
ated error in each observation was 25 per cent, so 
that no significance is attached to the difference 
between the two results. The observed coxcentra 
tions of strontium-90 in plasma are thus consistent 
with a daily dietary intake of 6 ue. per gm. caleiun 
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Strontium-90 and Czsium-137 in Grass 
and Milk in Finland during 1959 


Mitk and milk products are the main source of 
calcium (85 per cent of the total) in the average 
Finnish diet. As they are also important links in the 
transfer of radionuclides from atmospheric fall-out 
to the human body, we have started an investigation 
to determine the contents of some important radio 
nuclides in Finnish milk. Results of determinations 
of strontium-90 and cxesium-137 for the vear 1959 
are reported here. 

Two of samples were collected. ‘Local’ 
samples (Nos. 1-9, Table 1) were taken during the 
period August 29 September 6, 1959, on nine experim 
ental farms between latitudes 60-69° N. and longi 
tudes 23-27° E., where conditions, fertilizer 
practices and other agricultural factors are known in 
detail. ‘General’ samples (Nos. 10-15), analysed for 
strontinm-90 only, were taken between May 1 and 
November 17, 1959, from one-day’s milk intake 
(60-80,000 litres) of two milk-powder factories of the 
Kuivamaito Oy, located in south-east (A) and 
south-west (B) Finland. Both factories collect milk 
from more than ten dairies within a radius of 100 km. 
between latitudes 60° and 62° N. 

Representative samples of grass were also collected 
from the experimental farms for analysis and determ- 
ination of the discrimination factors for grass and 
milk of strontium-90 and cmsium-137. 
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CALCIUM, STRONTIUM-90 AND C&SIUM-137 CONTENTS OF GRASS AND MILK SAMPLES FROM FINLAND (MEAN VALUES OF DUPLICATE 
DETERMINATIONS) 


No. 4761 


Table 1. 


| 
| gue, Strontium- 
dry 
weight 
Grass Milk 


Strontium- 
00/gm. ash 


wee, Strontium 


Sample 
calcium® 


Coesium- 
137/gm. pot 
assiumt 


Girass Milk | 


- —| Calcium/gm. ash 
Date 
Origin ¥. (1859) Milk Grass Milk Milk 


Grass (rass 
Experimental farms : 

Aug. 2% 7°46 5 | 7:19 0-61 

Aug. 29 | 6°54 5 -§ 5-77 1-00 

Aug. 5-89 

Sept. 2 0-67 

Sept. 72 

Aug. ; 6°43 
Aug 5-00 

Sept 5°77 

Sept. : 5-00 

Aug “6-61 

Sept. 20-83 


Apukka 
Viik 
Malminkartane 
Halola 
Halola 
Jokioinen 
Anttila 
Kreuksela 
Kreuksela 
Myttéala 
Toivonniemi 


521 


0-78 


Milk-powder fac 
Kuiv 16°5 
Kuiv 


May 
June 


amiaito Oy 
smaito Oy 
umaito Ov, 
Kuivamaito Oy 
Kuivamaito Oy 
Kuivamaito Oy, 


* The error due to counting (two standard deviations) is 
+ Standard deviation less than 20 per cent, 


14 per cent 

fadiostrontium was isolated by the method of 
Bryant et al.' and @-activity was determined with a 
low-background CE-14 manufactured by 
Tracerlab. 

Cwsium-137 was determined y-spectrometrically in 
milk and grass ash prepared below 450° C. in the 
manner described, for example, by LOw and Edvarson?® 
and by Lillegraven®. The shielding system and pulse 
height analyser used in this work have been described 
by Vuorinen'. The ca#sium-137 activity of the milk- 


the background and potassium-40 pulses, thus became 
possible. 

counter The results are presented in Table 1. 
that the strontium-90 and cwsium-137 contents 
milk in Finland do not differ essentially 
of the milk of other in corresponding 
climatic conditions®.*. The discrimination factor for 
grass and milk, that is, the ratio uue. strontium-90 
gm. calcium in milk divided by this ratio for grass, 
is about 0-048. The corresponding factor for easium 


They show 
of 
from that 
Countries 


ash samples was calculated after correction for back- 
ground and potassium counts. 

Determination of cwsium-137 in the grass-ash 
samples was only possible after an estimation of the 


relative 


amount 


of 


zire 


onium-95 


niobium-95 


in 


137 is 0-28. 
The ratio uve. 
strontium-90 gm 


cesium-137/gm. potassium per we. 
calcium for grass is 1-95: in milk 
the mean for the samples from south and middle 
Finland (Nos. 2-8) is 5-66. 


The values of the two 
the spectrum (Fig. 1) by using the channels outside 
the maximum of the c#sium photopeak (region I 
in Fig. 1). A correction for zirconium-95 + niobium- 
95 pulses in the exwsium-137 channels, in addition to 


Lapland samples, however, are significantly higher, 
namely, the sample from Apukka (No. 1) 16-2 and 
that from Toivonniemi (No. 9) 19-0. 

More detailed this 
appear elsewhere. 

We are greatly indebted to the Finnish Atomic 
Energy Commission for financial aid, to Prof. Jouko 
Vuorinen of the Agricultural Research Centre for 
advice and help, to Mr. R. Arasjirvi, and the Kui- 
vamaito Oy for spray-drying the milk samples and 
to the Food and Agriculture Organization for an 
André Mayer Fellowship to one of us (J. K. M.). 
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Glutamic Acid Metabolism in Brain and 
Liver during Infusion with Ammonia 
labelled with Nitrogen-I5 


RecENT results of experiments 
vlutamie acid labelled with carbon-14 were consistent 
with the hypothesis that the amidation of the 
administered amino-acid to glutamine represents a 
cellular 


using 


wm 


event occurring m a tissue or 


Since glutamie acid and glutamine 


metabolic 
compartment! 
<vntheses in the central nervous system are the two 
known processes by which ammonia enters organic 
linkage, it appeared of great mterest to approach the 
question of setting into compartments the metabolism 
of glutamic acid and its derivatives with the aid of 
ammonia labelled with nitrogen-15 

N-ammonium acetate was infused into the carotid 
artery of cats over a px riod of & 85 min. with simul 
taneous electroencephalographic and eleectrocardio 
The experiments were terminated 
by exsanguination of the animal, the blood was 
collected. brain and liver excised and frozen, and the 


yraphic tracings 


level of glutamic acid and its metabolic derivatives 
> as well as the 
concentration of nitrogen-15 in the amino or amide 
The results 
given 


determined in the tissue samples* 


vroups respectively of these compounds 
of a typical experiment of 25-min 


in Table 1. 


duration are 


AcTD AND RELATED 
AMMONIA INFUSION 


INCENTRKATION IN GLUTAMK 
NITROGEN-15 LABELLED 
INTO THE CAT 


fable 1. Lsotopte ¢ 
METABOLITES AFTER 


Brain cortex Liver 


N-15 N-15 
Atom Atom 
pel uMigm. per 
cent tissue cent 
excess eXCess 


65°7 412-6 


Ammonia 
‘-lutamine 
amid 
(slutamine 

ramming 
(slutamic 


Nitrogen-15 ammonium acetate (99 6 atom per cent excess) Lim W/mil 
nfused into carotid artery of a succinylcholine paralysed 3:3 kgm 
cat at a uniform rate for 24 min. (total dose, 16 m.moles). Experiment 
terminated at 25 min, by bleeding from the earotid artery cortex 
und liver frozen in situ with solid carbon dioxide. 

While the the amino-acids 
measured in the various tissues remained constant or 
decreased slightly, the level of glutamine in the brain 
increased by at least 50 per cent (for normal values 
ref. 4). The observation that the nitrogen-15 

content of the amide group of cerebral glutamine ts 
higher than that of liver or blood indicates that this 
4 amide is synthesized in the brain. Since the level 
of glutamine in brain increased considerably, the high 
specific activity of the amide group 1s probably not 
lue to an exchange with free ammonia but to a net 
Circumstantial evidence for 
synthesis in the brain has come 
experiments on hepatectomized animals® and is 
consistent with the hifth synthetase activity in this 


concentrations of 


svnthesis of glutamine. 


glutamine from 


organ*.’ 

Of particular interest is a the 
concentration of nitrogen-15 in the a-amino group of 
glutamic acid and of glutamine isolated from the 
brain Since the «-amino group of glutamine has 
ten times the specific activity found in glutamic acid, 
brain glutamine must be derived from a compartment 
of glutamic acid which is not in equilibrium with the 
total tissue content of this acid unless glutamine is 


comparison of 
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synthesized appreciably by a pathway which does 
not require glutamic acid as the immediate precursor. 

In contrast to the observations on brain, the 
x-amino group of liver glutamine 1s of lower specific 
activity than that of liver glutamie acid, a result 
which might be expected if the ghitamic acid used 
for ghitamine synthesis in the liver mixes rapidly 
with the total tissue pool of this amino acid. How 
ever, in preliminary double-labelling experiments 
glutamie acid and NH,) compartmentalization 
of glutamic acid used for glutamine synthesis can 
also be demonstrated in this organ in the presence 
of high ammonia concentrations. 

If glutamie acid is utilized for the synthesis of the 
additional glutamine in the brain, the former ammo 
acid is apparently made in this organ and not derived 
from the blood. sinee the nitrogen-15 content of the 
x-amino group of brain glutamine (8-6 per cent) ts 
higher than that of blood glutamic acid (3-1 per cent) 

According to the 
amination of keto-glutarie acid occurs in the mito 
chondria* while glutamine synthetase is localized in 
Further « xperiments 
this and 


present evidence reductive 


microsomes and mitochondria® 

will have whether the 
previous work together with for the 
enzvme distribution in the cell indicative of 
different metabolic pools within the cells for the 
metabolism of administered ghitamie acid and of that 
This type of investigation 


to show results of 
evidence 


are 


synthesized in the tissue 
may point the way by which the problem of setting 
into compartments of metabolic events in vivo may be 
approached!?. A detailed account of the experiments 
as well as of the effects of ammonia infusion will be 
given elsewhere. 
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Biochemistry, Vienn: 


Alpha-Activity of Wheat and Fiour 


Is their work on naturally occurring radioactivity 
in man and his environment, Mayneord and _ his 
co-workers have indicated'? the wide range of alpha 
radioactivity found in the more common foodst uffs. 
Using the same experimental method, we have 
recently made measurements on a number of samples 
of wheat and wheat products of known origin, and 


= 

Blood 
os 
N-15 
Atom 
per uMigm 

tissue cent tissue 
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ba 
0-99 14 7-8 38-7 0-83 28-7 
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Wish in this communication to report briefly on three 
aspects of our findings. 

Using wheat from the United Kingdom, Canada, 
New Zealand, Victoria, South Australia and Western 
\ustralia, we have noticed that, while there are t vpical 
differences between wheats from these sources, with 
wheat from any one source there appears to be a 
connexion between alpha-activity and soil pH. As 
an example, we are indebted to the National Institute 
of Agricultural Botany for a series of samples of 
wheat varieties grown together, in trial, at nine 
different centres. A relatively small range in activity 
occurs between varieties, but bet woen 
we found limiting cases: variety 
Desprez grown on chalk soil at Sparsholt in Hamp- 
shire had an activity of 0-21 uwue.jgm. ash, soil pH 
7S; the same variety grown on an acid loam at 
Winnarleigh in had an activity of 
1-66 uue./gm. ash, soil pH 5-2. This ratio of 8:1 
contrasts with that of only 2-5: 1 for variety ; the 
highest activity found at Sparsholt occurred in the 
variety Dominator, which was measured as 0-49 une 
gm. ash. This effect of soil pH was also found in all 
foreign wheats when variety samples were compared 

With milled wheat we have compared the activities 
of bran and white flour with the wheat from which 
The mean of six samples in each 
bran, 1-0 une 


locations 
Cappelle 


as 


these 


Lancashire 


they were derived. 
wheat, 1-1 uue./gm. ash ; 
flour, wue./gm. ash. 


case Was : 


gm. ash ; 


It would thus appear that the alpha-activity of 


wheat is of soil origin, in contrast to the occurrence 
of strontium-90, in which the much higher content in 
bran as compared with flour has been interpreted? as 
due to retention of air- or rain-borne material in the 
developing ear of the plant. 

In wheat from widely separated sources we have 
observed a considerable range in alpha-actiy ity 


Mean activity 
ish) 


Souree of wheat Samples tested 


United Kingdom 
Canada 

New Zealand 
Vietoria 

South Australia 


Western Australia (Fremanth 25-0 


In respect of the high figures for Western Australian 
wheat, consistently high activities were obtained from 
three different shipments of this grain. The ratios 
of activity from thorium and radium families were 
similar in all cases, averaging 30 per cent. 

Finally, we would mention that these results might 
be better expressed in terms of the calcium with 
which they are associated. Wheat ash (1-4-1-8 per 
cent of the dry weight) contains about 2-8 per cent 
of calcium, whereas in white flour the ash (0-5 per 
cent dry weight) contains nearly 4 per cent. Present 
legislation, however, makes it compulsory in the 
United Kingdom add, creta praeparata, 
0-125 per cent of calcium to flour (except to whole 
content of calcium to 


as 


meal), thus imecreasing its 
0-145 per cent. 
MarspEN 
Dominion Physical Laboratory, 
New Zealand. 
(FREER 
Research Association of British Flour-Millers, 
Cereals Research Station, 
St. Albans, Herts. 
' Turner, R. C., Radley, T. N., and Mayneord, W. \ 
(1958); Health Physics, 1, 268 (1958). 
Agricultural Research Council Reports A.R.C.R.L. 1 
Stationery Office, London, 1959 and 1960) 
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Use of Gibberellin to hasten 
Germination of Solanum Seed 


TRUE seed of the potato (Solanum tuberosum L..) 
frequently has a delayed germination’, and we find 
that this also applies to most other tuber-bearing 
Solanum Species, where it is usual for seed to remain 
dormant from 1-3 months or longer. CGeneticists 
and potato breeders have been inconvenienced by this 
difficulty. Our results with certain techniques?’ for 
hastening germination of have 
variable. Since gibberellin has been used to promote 
germination and terminate dormancy of seeds in other 
its effectiveness to hasten germination of 


Solanum seed been 


genera’ °, 
Solanum seed was investigated by us. 

In preliminary tests, gibberellin concentrations of 
up to 100 p.p.m. had little effect on breaking dormancy 
of recently harvested Solanum seed, but germination 
stimulated by concentrations of 1,000 4,000 
To confirm this result, dry seeds of several 


was 
p-p.m. 
Solanum species and species hybrids were examined 
light to 


Lots of 50 seed 


microscopically with transmitted select 
those containing mature embryos 
were soaked for 24 hr. in different concentrations of 
the potassium salt of gibberellic acid (75 per cent 
actual). The seeds were then washed in three succes 
sive changes of distilled water and placed on moist 
blotting paper in Petri dishes kept at room tempera 
ture (20-30° C.). As controls, similar lots of seed 
were treated with distilled water but otherwise 
handled in the same manner. The results (Table 1) 
show per cent germination for gibberellin-treated 
seed. 

Although prolonged exposure of the seeds to the 
1.000 p-p.m. concentration inereased per cent germma 
tion appreciably, treatment with 2,000) p.p.m. for 


GERMINATION OF RECENTLY 


SEED 


GIBBERELLIN ON 
HARVESTED Solanum 


EFFECT OF 


Age of (Giermination (per cent)* 
seed 
in days 
after 
harvest 0 


Concentration of gibberellin 
(p.p.m.) 
1,000 2.000 


species 


4,000 


chacoense Kitt 
clone 

S. chacoense Bitt 
clone A) ‘. 
emmeae Juz. et Buk. 
issum Lindl 


100 


60/84 | 78/04 


dem 
90/100 
6,40 


clone 96/08 
jamesii Torr 
S. penmnatisectum 
Dun S. 
Torr 
S. phureja Juz. et 
Buk., clone 74 
S. stoloniferum 
Schlechtd., clone A 3 100/100 
S. stoloniferum | 
Schlechtd., clone BS 
S. trifidum Correll 

jamesti Torr 
S, tuberosum L., 
variety Hunkuil 
S. tuberosum 
variety Hunkuil 
S. tuberosum L.. 
variety Katahdin 
tuberosum 1 
F 4792 OP 


S. 


0/6 


28/46 
OPS 


S10 08 


100 OS 


26/68 06/96 


rrucoagum 
Schlechtd 


0/0 0/46 


* Fifty seeds were soaked in the gibberellin solutions for 24 hr 
Numerator is the percentage of germination in 15 days, denominator 
is that in 30 days. 

+ Sibling cross 

Selfed 


§ Open pollinated 


Ff 
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‘ 
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jen 
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| 
30 
15 2-5 
| 
| 
52/60 
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7 
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24 hr. gave optimum germination. The 4,000 p.p.m. 
concentration was no more effective than the 2,000 
At the optimum concentration 
the majority of treated seeds had germinated in 
15 days The gibberellin treatment accelerated 
germination in seeds which had little dormancy and 
in seeds approaching the end of their dormancy period. 
Seeds of S. demissum Lindl., U.S.D.A., PJ. 160227 
and of a S. chacoense Bitt. « S. phureja Juz. et Buk. 
derivative exhibited no dormancy. Similarly, Odland? 
reported immediate germination in a number of seed 
lots of S tube rosum. 

Plants were grown to maturity from the gibberellin- 
treated seeds, and in all cases growth was normal. 
The above method has been used in our work with 
Solanum species and allows us to grow many more 


p-p.m. concentration. 


plant generations in a given period of time. 


PAULINE B. SPICER 
Leo A. DIONNE 


Potato Breeding Section. 
Research Station, 
Research Branch, 

Canada Department of Agriculture, 
Fredericton, New Brunswick. 
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Fisehnich, O., 
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Pollen Germination in Some Gramineae 


I. K. Vasit, in his communication under this title 
in Nature of September 24, p. 1135, states that “this 
is the first report of a successful germination of the 
pollen of Gramineae in vitro”. May I point out that 
the germination of pollen of different varieties of 
Saccharum officinarum was carried out as @ routine 
practice by the Sugarcane Research Station in 
Mauritius as far back as 1930. The methods used are 
described by Glendon Hill' and de Sornay?. Germina 
tion tests were discontinued later, as it was found 
that there was poor correlation between germination 
of pollen in vitro and number of sugar cane seedlings 


afterwards produced?. 


P. O. 


Sugar Industry Research Institute, 
Réduit, Mauritius 

First Annual Report, Sugarcane Research Station, Mauritius, pp. 7-s 
(1930). Seeond Annual Report, Sugarcane Research Station 
Mauritius, pp. 13-14 (1931) 

de Sornay, A., Rerue Agricole No. 51, 99-103 (1930) 

Third Annual Report, Sugarcane Research Station, Mauritius, p. @ 
(1932 
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A Selective Medium for the Formation of 
Ascospores by Aspergillus nidulans 


LITTLE is known about the ascospore composition 
of the Ascomycetes, partly because of the difficulty 
of obtaming a massive production of such cells. 
During an investigation of the nutritional require 
Asperqillvs nidulans obtained 
from the Botany School Collection, Cambridge, 
observations were made that led to the recent 
development in this laboratory of a method for 
obtaining satisfactory yields of ascospores without 
interference from the conidiospores. This fact has 


ments of a strain of 
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enabled fractionation studies on A. nidulans asco 
spores to be undertaken, as well as other biochemical 
investigations which are now in progress. 

Microscopically and culturally the strain used in 
these studies is similar to that described by Thom 
and Kaper'. This organism, when cultured in 
Czapek’s agar, produced colonies characterized by a 
dense vegetative mycelium spreading quickly on 
the agar, with abundant green conidial heads freely 
distributed on the surface of the colony, and relatively 
few perithecia scattered through the different areas 
of the colony ascospore production lasted several 
weeks 


When the mould was cultured on a medium with 


the following composition: Urea or ammonium 
oxalate, 3 gm.; dipotassium hydrogen phosphate, 
1 gm.; crystalline magnesium sulphate, 0-5 gm. ; 


ferric sulphate, 0-05 
15 gm., and distilled 
formed with very 


potassium chloride, 0-5 gm. ; 

gm. ; sucrose, 30 gm. ; agar-agar 
water, 1,000 ml., 
different general morphology from those obtained on 
Czapek’s medium. Under these conditions perithecia 
developed separately within or on the conid’e! laver 
with a dark reddish purple coloured envelope ot 
scattered hyphw bearing a considerable number of 
Hulle cells. On ripening, these became a mass of 
eight-spored asci which broke down quickly, releasing 
the ascospores. When a preparation of this material 
was examined under the an enormous 
number of purple-red lenticular ascospores, with two 
equatorial crests, were observed, with very few con 


colonies were 


microscope 
i 


taminating conidiospores. 
Another characteristic 
when plates were viewed in reverse, namely, an intense 
purple pigmentation extended through all the medium 
marking the under-surface of perithecia and asco 
This pigmentation was absent after growth 


was particularly marked 


spores. 
on plain Czapek’s agar. 
We are indebted to Mr. J. Bean of the Botany 
School, University of Cambridge, for sending us a 
culture of this mould. 
IsaBEL GARCIA ACHA 
Junto R. VILLANUEVA 


Instituto “Jaime Ferran” de Microbiologia, 
Consejo Superior de Investigaciones Cientificas, 
Velazquez 138, 

Madrid 6. 


and Raper, K. B., “A Manual of the Aspergilli’’, 15+ 


Thom, €., 
Tindall and Cox, London, 1945). 
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Degeneration of Flight-musculature in the 
Corixidae and Notonectidae 


Wituts the New Zealand species of the families 
Corixidae and Notonectidae (Hemiptera-Heteroptera), 
two distinet forms, depending on the development of 
the and the wing-musculature, have been 
recognized. In these species a proportion of the 
population is composed of flightless animals in which, 
from Diaprepocoris zealandiae, the indirect 


wings 


apart 
deis-eaiein is reduced even though the two 
sets of wings are not significantly altered from the 
normal condition. In D. zealandiae the meta-wings 
are greatly reduced and the meso-wings differ in 
having a reduced membranous portion. 

The differences in the museulature 
immediately the mesothoracie tergite is removed, for 
in place of the solid blocks of yellow fibre the flightless 
form contains either a pale white, loosely compacted 
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Particle Sizing by Sedimentation 
THE Gallenkamp SEDIMENTATION BALANCE 


with Automatic Recording 


4 For particle size determination within the 
range 5 to 75 p». If, however, the largest 
size is not greater than, say, 20 », the lower 
limit can be extended to about 2 » provided 
the temperature is controlled within fairly 
narrow limits and agglomeration or floccula- 
tion does not take place. 
A wide variety of materials which have been 
examined includes alumina, carborundum, 
china-clay, cement. felspar, flint, flour, lime- 
stone, pyrites and plastics, and dusts collected 
by electrostatic precipitators and cyclones from 
boiler, blast furnace and flash roaster plants. 
This self-contained instrument, comprising a 
sedimentation system, receiving tank and a 
direct reading torsion balance, all mounted on 
a levelling stand, was devised by 
Mr. W. Bostock of the Research 


Department, Simon-Carves Ltd. 


ASK FOR PUBLICATION 615 
which also includes details of 
Photo by courtesy of Ferodo Lid. our Centrifugal 

* High reproducibility. 

* Maximum sensitivity : full scale deflection 
for 0.5 g of powder of sp. gr. 1.5 in a 
liquid of sp. gr. 1.0. 

Saves time : Duration of test : 6 hours for 
full range 5 to 75 pw. 

Saves labour: Recording equipment : 
releases operator for other work. 

* Easy operation. Simple maintenance. 

* Balance sensitive yet robust : readings by 
an integral optical system. 

British Patent No. 712,434 and U.S. Patent Application 

No. 329,996. 

Sedimentation balance with recorder 


NOTE: This apparatus is under consideration by the BSI 
on f uming unit and auto-camera. 
for possible adoption as a British Standard 


Gallenkamp -Jowers SUPPLY THE WORLD'S LABORATORIES 


A. GALLENKAMP & CO. LTD., J. W. TOWERS & CO. LTD., 
Fechnico House, Sun Street, London, E.C.2. Victoria House, Widnes, Lancs. ‘Phone : Widnes 2040. 
MANCHESTER: 44 Chapel St., Salford 3. Deansgate 4992 
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fibrous mass, or, more usually, only parenchymatous 
tissue. There are a number of differences, too, in the 
form of the body and the extent of chitinization and 
pigmentation. Without dissection, the 
two forms may be readily distinguished. Flightless 
animals, besides being significantly smaller, are less 
pigmented, and the chitinization, particularly of the 


recourse to 


thorax, is greatly reduced. 

Although the degree to which the flightless anima! 
ix modified from the normal condition varies through 
out these species, within each of them the extent of 
the modification is remarkably uniform and no 
intermediate forms have been This 
uniformity applies not only to the condition of the 
musculature but also to the modifications already 
This situation follows from the mechanism 
by which the developed Normal 
growth of the wing-musculature is continued 
throughout the fifth instar, and at the conclusion of 
the moult to the imago the final modifications of the 
skeleton have been achieved, although the histolysis 
of the partly developed fibres and their replacement 


ered 


noted. 
condition is 
not 


by parenchyma continues for a short period 

The faetors responsible for the control of the 
development of the muscle-form reside in the environ- 
ment, and until late fourth instar either form may be 
produced depending on the habitat conditions A 
close association between the environmental condi- 
tions, with respect to stability of the habitat durmg 
drought, and the musele-form developed in the 
population, results from delaying the critical period 
for this control until the fifth instar. Almost without 
exception, the less-stable habitats within the species 
range contain only animals with normal musculature. 
In stable areas lakes in which the 
population may be maintained throughout the vear 
hoth are found, but the population is pre- 
dominantly of flightless individuals. Flying animals 
are necessary for the maintenance of populations m 
the unstable habitats of the species range ; through 
migration they re-establish the species in habitats 
that have been dry during the summer. 

From a comparison of the extent of the changes 
that are associated with the cessation of wing-muscle 
growth in the species of Sigara and in D. zealandiae, 
it is apparent that the loss of this musculature is an 
early stage in the process leading to the brachypterous 


streams and 


forms 


condition : the wing-musculature is first reduced and 
only then are the meta-wings modified 

In the New Zealand fauna this condition 
musculature which flightless 
without alteration of either pair of wings has been 
the of NSiqara 
(Tropocorixa) and in the two 
With experience of the modifications resulting from 
the change in musculature, it is apparent from the 
aceounts of these two families in other localities that 


of the 


gives rise to animals 


each ot seven Species 


ot Anisops. 


recognized im 
speck 


this condition occurs in a number of other species. 
The two colour forms deseribed by Brooks' in 
Anisops are due to this feature. A. wakefieldi, a 
species found in New Zealand, is considered in this 
work and the two forms dependent on the condition 
of the deseribed, although no 
explanation is offered to account for them The 
brachypterous forms recorded in_ the 
species considered by Hungerford? and  Poisson® 
ggest that many other species in which the mus- 
culature only is reduced probably occur also. Finally, 
Brown! attributes the anomalies noticed between the 
abundance and migration-rate in a series of British 
more 


musculature are 
su 


Corixidae to physiological factors It 
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likely that, as the species in which the relation was 
least satisfactory were associated with stable habitats, 
this was a consequence of the reduction of the flight 
musculature in these animals 

A fuller account of this work is being published 


elsewhere 


Youne* 


Department of Zoology. 
University of Canterbury, 
Christchurch, 


New Zealand. 


Zoology Department, Imperial ¢ 
s Sci. Bull., 34, 300 (1951) 
Bull., 32, 1 (1948 
Faune de France’, 61, 28 (1957) 
Zool, Soe, Lond., 121, 544 (1951 
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Environment and Reproduction in Fresh- 
water Triclads 


REPRODUCTION in triclads varies from asexual to 
sexual methods'* both within and 
Attempts to determine the causes 
between 


and 
‘ 


complicated 
bet ween species. 
of such differences resulted 
students favouring the external 
those favouring an internal physiological process 
as the determinant. 

Dahm's? researches on triclads inhabiting running 
water, coupled with work*,’ on the triclads of standiny 
water, suggest a broad relationship between habitat 
and mode of reproduction. When triclad species are 
arranged in a series based on increasing productivity 
of the habitat (sensu Ruttner’), often accompanied 
by higher average temperatures, it extends from 
Phaqocata vitta, which is found in the harshest 
conditions inhabiting moorland streams and upland 
lakes, to Dugesia luqubris, which is found only in the 
inost productive lakes and quieter reaches of some 
Table l shows such a series for the 
northern Europe 


in controversy 
environment? 


lowland rivers. 


commoner freshwater triclads of 


ORDER OF PRO- 
TYPES OF 


ARRANGED IN 
PREVALENT 


Table 1 
DUCTIVITY OF 


NoRTH 
THEI 


SPECIES 
SHOWING 
TION 


EUROPEAN 
HABITATS, 

Habitat Reproduction 
Sexual Cocoons 
only 


(sexual 
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Winter 


Winter 


Winter 
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Spring 
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330 
together with the mode of reproduction and the 
season of sexual reproduction. 

Asexual reproduction is the usual means of popula- 
tion increase in occupying unproductive 
habitats, and it becomes progressively loss important 
and is finally replaced altogether by the sexual 
process in species found in the most productive 
habitats. This is also accompanied by a change in 
the season at which the sexual process oceurs. Thus, 
in Phagocata vitta and Crenobia alpina, and to a lesser 
degree in Polycelia felina, sexual reproduction occurs 
mainly in winter in North European populat 
Polycelias nigra starts to breed in the early spring’, 
P. tenuis and P. hepta slightly later, while D. lugubris 
does not begin until the late spring or early summer’. 

Dahm showed that growth and reproduction of 
species living in unproductive streams are possible 
only when the basic metabolism is slowed down by 
low temperatures characteristic of winter conditions ; 
this applied over a range of feeding regimes. In 
species such as P. tenuis which live in lakes of inter- 
mediate productivity I have found that, while winter 
temperatures inhibit breeding, it occurs at tempera 
tures characteristic of the British spring and summer. 
Breeding in D. lugubris is rather more sensitive to 
low temperatures and rather less to high temperatures 
In both species breeding ceases when they are kept 
at temperatures higher than those of an average 
summer (about 24° C.), and this is followed by retro- 
gression of the reproductive organs and a decline in 
size despite a plentiful supply of food. Such a 
relationship between energy intake and expenditure 
might explain the infrequency of sexual reproduction 
in species occupying unproductive habitats and its 
restriction to colder periods. Under such conditions 
food would never be plentiful, but would be parti 
cularly scarce when low temperature would favour 
the channelling of energy into growth and ultimately 
reproduction. Sexual reproduction therefore might 
be so restricted that without other means of multi 
plication many populations would beeome extinct. 
The existence of asexual methods of reproduction in 
such species as Ph. vitta, C. alpina and P. felina 
solves this problem. The tendency to breed in 
winter that high temperature is 
important than searcity of food in preventing sexual 
reproduction under natural conditions in northern 
Europe. In contrast, sexual reproduction in species 
living in productive habitats would be possible each 
year when abundance of food (relative to activity), 
permitted growth and reproduction in a& proportion 
of the population. In these sexual 
reproduction, which is regarded as conferring advan 
tages from an evolutionary point of view, would be 


species 


sugyests more 


circumstances 


more common 

Clearly, apart from the basic differences in the 
ability of the several species to function at various 
temperatures, any differential effect of temperature 
might emphasize the outlined 
between the triclads of unproductive and productive 
From the available data"? such a 
differential appears to be present, and species like 
('. alpina and P. felina not only have a higher basic 


contrasts above 


habitats. 


but also are unable to control their 
increased as, for 


level of activity 
activity when the 
example, Dugesia qonocephala can. 

It is interesting to note that Dahm also found that 
within a single species there were populations which 
could only reproduce asexually (usually polyploids 
with odd multiples of the haploid chromosome 


temperature 1s 
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number), some which could multiply both sexually 
and asexually, and others which showed only soxual 
reproduction. It would be rewarding to study the 
ecology of such populations to determine the relation 
ship between the habitat and mode of reproduction. 

If it is assumed that the primitive triclad repro 
duced by both methods, then it appears that selection 
has operated to suppress sexual reproduction in the 
species of unproductive habitats and asexual repro 
duction in those of productive habitats. 


B. REYNOLDSON 


Zoology Department, 
University College of North Wales, 
Bangor, 
Caernarvonshire. 
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A Possible Method of Sex Ratio 
Determination in the Parasitic 
Hymenopteran Nasonia vitripennis 


Nasonia vitripennis (Walter) (Pteromalidae) is 
parasitic on the pupal stage of muscoid flies. The 
female drills through the host puparium and lays 
eggs on the pupa within. When a population of 
N. vitripennis has ready access to host puparia, each 
generation of the offspring is composed of females 
and males in the ratio 3: 17. The females are diploid 
and the males haploid®. So far, no suggestion has 
been made as to how this sex ratio may be determ- 
ined ; but it seems possible that it may be affected 
by the arrangement of the eggs in the ovariole before 
fertilization. The eggs are shaped Ike curved sausages 
and are more pointed at one end than the other. This 
is the typical hymenopterous shape. Owing to its 
curvature, each egg has in its meridional plane a 
convex and coneave side. Within each ovariole the 
eggs are orientated so that the oldest eggs, namely 
those nearest the oviduct end of each of the four 
ovarioles which comprise & single ovary, almost always 
have their convex pointing away from the 
axis of the ovary as a whole (Fig. 1). This arrange 
ment was observed in 46 out of 50 insects examined. 

The chorion of the egg is rigid compared with the 
very thin walls of the vagina and oviduct, and it is a 
reasonable assumption that the eggs either maintain 


aspect 


their orientation or twist im @ more or less constant 
manner as they leave the ovariole and pass one at a 
time through the short oviduct into the vagina. If 
either of these suppositions were true, the eggs from 
adjacent ovarioles would lie in the vagina successively 
so that their concave aspects make an angle of 90 
to each other. All the eggs from any one ovariole 
should generally be orientated the same way when 
they arrive in the vagina. 

In the vagina, the eggs come into contact with a 
muscular tongue which projects into the vagina from 


4 
ae 
‘ey 
4 


Xo. Tpusitor 


Spermatheca 
hig 


its dorsal surface (Fig. 2). Flanders’ deseribed a 
similar tongue im Nemeritis canescens (Grav.) and 
ggested that it might press the micropyle of the 
egg against the spermatheecal duct, which opens on 
the postero-ventral surface of the vagina in the 
mid-line. In this way the chances of fert:lization 


would be improved. It seems possible that the 


su 


vaginal tongue of Nasonia vitripennis funetions im a 
From Fig. 2 (/, ¢) it ean be seen that. 
is’ either dorsally or 


similar way. 
when an egg’s concave face 
laterally orientated in the vagina, the tongue could 
press the egg’s micropyle against the opening of the 
spermathecal duct when the meridian of the egg is 
ventral as in Fig. 2 (a), however, the tongue would 
force the micropyle away from the duct of the 
spermatheca so that the sperm could not enter the 
egy. Therefore, on average one-quarter of the eggs 
laid would not be fertilized and so produce males 
This suggests that all the eggs from one of the 
ovarioles may not be fertilized, and it accounts for 
the observed sex ratio of 21 per cent males in popu 
lations which had free access to host puparia'. 

When mated females are deprived of host pupz for 
four days prior to oviposition, the proportion of 
males in the offspring increases to 38-9 per cent’. It 
is known that if eggs are not laid within two days of 
their reaching maturity a process of resorption begins 
Until now it has been suggested that in many 
Hymenoptera a partially resorbed egg produces a 
female because it is in the ovary longer and so stands 
a better chance of being fertilized’. On the present 
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hypothesis, an alternative explanation would be that 
the tongue cannot push the partially resorbed egg’s 
micropyle against the spermathecal duct because the 
egg has lost its shape and rigidity, Fig. 2 (d). The 
egg is therefore not fertilized and produces a haploid 
male. 

l am grateful to the University of Hull and the 
Ministry of Education for financing this research, to 
Prof. P. G. "Espinasse in whose Department the work 
was done, and to Dr. J. H. Sudd for help and criticism 

P. E. Kine 
Department of Zoology, 
University College of Swansea, 
Swansea. 
* King, P. E., Ph.D. thesis, Hull (1959). 
* Berland, L., “Traité de Zoologie’, 10, 820 (1951) 
Flanders, 8S. E., Ann. Ent. Soc. Amer., 32, 11 (1939) 
* Flanders, S. E., Quart. Rev. Biol,, 21, 135 (1946) 


Occurrence of an Egg-String in Enoplus 
communis Bastian, 1865 (Nematoda : 
Enoplidae) 


AbULT members of the phylum Nematomorpha, 
residing in aquatic habitats, lay their eggs within 
long strings commonly referred to as ‘egg-strings’ 
In the nematomorphs this egg-string is considered a 
secretory product of the antrum (a common chamber 
situated between the uteri and the cloaca and lined 
with a layer of glandular epithelium)'. Whereas the 
egg-laying habits of the nematomorphs are fairly 
well described, those of marine nemas are practically 
unknown. Hyman', in the Nematoda section of her 
invertebrate co-npilation, states that some marine 
nemas lay their eggs in an adhesive mass. Recently. 
the opportunity to elaborate on th's observation 
was presented while I was studying marine nemas 
at the Woods Hole Oceanographic Institution, Woods 
Hole, Massachusetts. 


Fig Kug-string’ of Enoplus communis 

Live specimens of Knoplus communis Bastian 
1865, taken from the holdfasts of unidentified marine 
algae collected from Penzance Point at Woods Hole, 
were placed in @ watch-glass in sea-water and left 
for 10-12 hr. Low-power examination of the speci- 
mens then revealed the presence of a line of 22 eggs 
Higher magnification showed that each of the 22 
eggs was contained within a continuous, transparent 
sheath (Fig. 1). In this respect the egg-containing 
sheath (egg-string) of E. communis appears to be 
analogous to that of the Nematomorpha. This 
sheath was attached to the bottom of the watch-glass. 
was adhesive, and contracted when probed with a 
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Presumably, the sheath anchors 
otherwise 


dissecting needle. 
the eggs in habitats where they might 
be carried away or washed ashore by tidal action 
or else be subject to predation if deposited freely. 
The sheath was at first thought to have arisen from 
vaginal (or vulvar) glands. However, on examination 
of EB. communis females in toto and im cross-section, 
Histological 
attempt to 


glandular structures were not observed. 
studies are being conducted in an 
determine whether glandular tissue, possibly epithe- 
lium analogous to that of the antrum of the Nemato 
morpha, is associated with the distal portions of the 
reproductive tract. 

It was also noticed that, though eggs within adult 


females were unsegmented, those im the egg-string 
were segmented and at the 6- to 8-celled stage of 
development 

Breck E. Hoprer 


Nematology Section, 
Entomology Research Institute, 
Canada Department of Agriculture, 
Ottawa 
Hill, New York, 1951 


Hyman, The Invertebrates”, 3 (Metiraw 


ANATOMY 
Cholinergic Nervous Pathways in the 
Forebrain 


pres communication! we 
modified Koelle technique to 
selective staining of certain nuclei and tracts in the 
rat hindbrain. We have applied recently a similar 
method to the forebrain of normal animals and after 
transcortical lesions performed with an ophthalmic 
cautery. The brains removed 
perfusion with 10 per cent formol saline, and 5 6 mm 
transverse slices were afterwards fixed im the same 
fluid in the cold To facilitate cutting, the 
after fixation was soaked in 20 per cent alcohol, or 


the 
pre 


IN a deseribed 


tine ot a 


knife or were 


TISStle 


embedded im an alginate gel according to a te chnique 
to be deseribed elsewhere. The various media used 
for meubation contained either acetyithiocholine o1 
butyrylthiocholine as substrates, with or without the 
wddition of M ethopropazine as a pseudocholin 
esterase inhibitor 

In sections of normal brains incubated with acety! 
thiocholine the forebrain tracts 
stained selectively imeluded the ventral supra-opt is 
decussation, the central core of the fasciculus retro 


substrate, which 


flexus, the cingulum, and the most lateral and most 
medial elements of the stria terminalis. In addition. 
tained fibres were interspersed in considerabl 


numbers among the unstained fibres of the efferent 
that is. 
fimbria 


projection pathways of the hippocampus : 
in the dorsal fornix and 
behind the ventral hippocampal commissure 
Caudally, most of the stained fibres of the dorsal 
fornix pierce the dorsal hippocampal commissure 
and so connect with the 
connect with the emgulum via the corpus callosum 
In the fimbria the stained fibres appear closely packed 
ventrolateral border (Fig. la). No 
were seen in the descending columns of the fornix. 
and the crossed fibres of the ventral hippocampal 
likewise unstained. Below this 
commissure heavy staining due to true cholinesterase 
was rather unexpectedly found in the 
organ or intercolumnar tubercle (Fig. 14), especially 
around its periphery, where a fine nervous plexus 


n the alveus and 


alveus, although some may 


along its tibres 


were 


subfornical 
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4) b 
big. 1. @, Stained fibres of fimbria Klowd Vessels also 4 nt 
instained in sections incubated with pseudocholinesterase in 
hibitor. 6, Stained tibres of cingulum above corpus illosun 
und of dorsal fornix between corpus callosum and ventral hippo 
campal commissure. Stained cells belonging to nucleus of ventral 
hippocampal commissure Subfornical organ heavily stat 
below commissure 
ean be detected in sections stained by the Bodian 


silver method. 

\ high concentration of true cholinesterase within 
the axon, such as has been demonstrated in all the 
tracts mentioned above, is characteristic of cholinergic 
Having observed in the hindbrain that the 
rich m 


neurons*. 
coll such meurons 
enzyme and stam heavily by the Koelle method*, we 
have attempted to trace some of these presumably 
cholinergic pathways of the forebrain to their nuclei 
of origin. The lateral fibres of the stria terminalis 
appear to run caudally from cells of the bed mucleus 
of that tract to the unstained area occupied by the 
central arnyvadaloid The tibres 
associated with the stria terminalis, on the other hand, 


bodies ot are themselves 


nucleus. medial 
have no connexion with either the lateral amygdaloid 
nucleus or the nucleus of the lateral olfactory tract. 
which are the two of the 
appear to run forward from the ventral nucleus 
of the lateral geniculate body, and curve downwards 
and backwards in front of the reticular nucleus of 
the thalamus. Sagittal fibres 
of the cingulum arising from 
cells of the nucleus of the diagonal band ; others are 
probably derived from similar cells of the 
septal nucleus. These two nuclei are also a likely 
for the stamed fibres of the dorsal fornix and 
although there contribution 
from the interstitial nucleus of the ventral hippo 
campal COTMIMISSUTrEe. The cells of this nucleus stain 
intensely (Fig. 1b), but 
medial septal and diagonal band nuclei, and are 


stared nucle! amygdala, 


but 


sectlons show 


small, deeply stained 
redial 


source 


may be 


timbria, 


are larger than those of the 


unusual im containing some pseudocholinesterase 
found intraneuronally elsewhere in the forebrain 
only in the anterior nuclei of the thalamus). Our 
observations suggest, therefore, that the cholinergic 
neurons of the cingulum, dorsal fornix 
belong to the afferent hippocampal system described 
for example, Daitz and Powell! 


and timbria 
by several workers, 
and Cragg and 

We have tried to confirm the 
polarity of the stained fibres related to the hippo 
campus in rats which have been subjeeted to lesions 
mvolving the tracts and allowed to survive four days 
In these animals fibres caudal to the lesion fail to 
stain, whereas those immediately rostral to it dilate, 
stam more intensely than the equivalent fibres on 


expernnentally 
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the unoperated side, and become characteristically 
beaded’. We believe that this constant finding is 
due to enzyme accumulating on the cell body side 
of the axon adjacent to the cut and disappearmeg on 
the other side, as was found to occur in peripheral 
nerve by Sawyer*, and indicates that the cholinergic 
fibres of the cingulum, dorsal fornix and fimbria are 
directed caudally. We hope to extend this method 
to investigate the polarity of other cholinergic 


tracts of the forebrain 
D. SHUTE 


LEWIS 


Anatomy School, 
Cambridge. 

Lewis, mul Shute, ¢ Vature, 183 
Koelk Pharmacol 

! 
* Daitz towel eurol, Psychiat... 17 

Physiol, 135, 460 (1957 

ind Hamlyn trp. Neurol., 1, 
and Lewis, R imat..1 (1061 

tmer. J. Physiol 246 (1946) 


Effect of Limb Ablation on Neurones in 
Xenopus Larve 

IN the spimal cord of larval Anura, the motor cells 
which innervate the muscles of the hind limbs form 
ventral horns distinet both in position and time of 
appearance from the serres of primary motor cells 
whose axons run to the trunk muscles. In the tadpolk 
of Nenopus laevis, there are about 4,000 ventral horn 
cells at the time of their differentiation from the 
mantle laver of the cord, a number which has fallen 
to 1,200 by metamorphos s some eight weeks later’. 
Histogenic cell degeneration?  accomparucs the 
differentiation of these neurones, but on a scale 
much bevond that required merely to reduce then 
number to the adult-level. It seems that, for every 
ventral horn cell that persists, some eight or mine 
undergo cell death during development. Different ia 
tion of the ventral horn is thus accompanied by a 
contimuous turnover of the constituent neuroblasts 

If the larval hind limb is amputated at the thigh. 
a sequence of cellular changes is initiated within 
both the cord and the dorsal root ganglia. From the 
second to the third day after amputation, the num! 
of cell degenerations within the ventral horn on the 
operated side is im reased, and the total number of 
cells thereby temporarily dimimished While the 
degeneration which normally accompanies differentia 
tion of the ventral horn can be temporarily abolished 
by X Taye, the additional cell deaths consequent On 
limb amputation are unaffected by radiation. 

Fresh neuroblasts from the mantle layer, however, 
enter the ventral horn, and the deficit in cell number 
is made good. This movement of cells contimues 
beyond the level requir «l to restore the original 
total. and from the fifth to the fifteenth day after 
amputation the number of ventral horn cells on the 
operated side is greater than that on the other 
Finally, a se cond phase ot cell ck generation reduce s 
the ventral horn to a third of its normal total of cells 
This final destruction of neurones affects particularly 
the posterior two thirds of the ventral horn, which is 
thus shown to be principally concerned with the 


mel 


innervation of distal limb segments. The leg only 
rarely regenerates when the ope ration is performed et 
late larval stages. 

While these fluctuations in cell number are in 
progress, Various changes are occurring m the ventral 
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horn cells the axons of which have been severed by the 
operation. Attention was concentrated on changes 
in the Nissl substance and in the cholinesterase 
activity. Changes in Nissl substance were studied by 
ultra-violet: absorption and controlled stain'‘ng with 
basic dyes. Changes in the enzyme activity were 
studied by a special modification® of the thiocholine 
technique applied to small but intact specimens 
which were afterwards embedded in paraffin and 
sectioned. The sections were counterstained with 
buffered cresyl violet so that both Nissl substance 
and enzyme activity could be studied in the same 
neurone. In some of these preparations 10-* M 
ethopropazine, a selective inhibitor of pseudocholin 
esterase, Was used to confirm that only the distribution 
of true cholinesterase wes being studied 

From the third to the fifth day, the ventral horn 
cells on the operated side show the tvpicel reactions 
which were first described by Nissl in 1892 as ‘chroma 
tolysis’, and have since been confirmed by numerous 
observers. The Nissl substance largely disappears, 
the cell cytoplasm becomes swollen. the nucleus 
moves towards the cell surface on one side, and the 
nuclear membrane becomes uneven in outline. By 
the eighth day, most neurones are recovering from 
this condition. The eytoplasm regains its norma! 
dimensions. and. as the Nissl substence is re-formed. 
the chromosomal network within the nueleus becomes 
unusuelly distinet. In some of the largest cells this 
phase is succeeded by one in which cytoplasmic 
basiphilic material becomes densely piled round 
the nuclear membrane. This dense zone extends on 
opposite sides of the nucleus towards each pole of the 
cell. After the final phase of cell degeneration within 
the ventral horn, cells of this type are no longer to be 
found 

During the initial stages of chromatolysis the 
enzyme activity of the ventral horn cells on the 
operated side is at least as great es that on the control 
side and is often significantly greater (Figs. 2A 
and 2B). This enhanced enzyme activity is no longer 
present a week after ablation, and from then onwards 
an increasing proportion of cells on the operated 
side show only weak activity (Figs. 34 and 32) 
Of such cells, although some are new immigrants 
which have not vet acquired the enzyme im any 
concentration, others are recovering trom chromato 
lysis, and may show a dense perinuclear ring of 
basiphilic material. The weakly reacting neurones 
disappear from the ventral horn in the final wave of 
degeneration, after which the remaimuing cells, though 
of different sizes, are all strongly react ng (Fig. 5). 

The most mature cells within the dorsal root 
vanglia of later larve show a weak but definite 
reaction for cholinesterase, the distribution of which 
can be studied by prolonging the incubation time in 
the thiocholine technique, and here, too, a sequence of 
changes is evident in those ganglia which supptied 
an ablated limb. Thus, after a week many of the 
cells no longer stain (Figs. $4 and 4B); during the 
third week many cells degenerate, leaving a ganglion 
which is much smaller than on the control, unoperated 
side but which contains about the same proportion 
ot stained cells (Fig. 5) 

Marked changes also oceur peripherally. In the 
nerve trunk supplying a normal hind limb a propor 
tion of the fibres staim for true cholinesterase. Follow 
ing limb ablation this staimmng becomes much more 
mitemse, and individual fibres become noticeably 
distended (Fig. 1) Accumulation of enzyme in the 
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severed axons is detectable near the cut ends within 
a few hours, and during the next few days it gradually 
mereases in extent backwards towards the spinal 
cord at a rate of about half a millimetre per day. 
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Figs. 1-5. All figures are from transverse sections prepared by the 
modified thiocholine technique through late larve of Yenopus 
laevis at various times after amputation of one hind limb. In 
each figure the operated side is shown on the left 
Through level of the sciatic nerves 3 days after 
The nerve on the operated side is swollen and 
intensely stained 


Fig. 1. 
imputation, 


Fig. 2 Through level of the ventral horn; 4 days after 

imputation The chromatolytic neurones, with displaced 

nuclei (4), are more intensely stained than the normal ones on 
the unoperated side (B) 

Fig. 3 Through level of the ventral horn; 7 days after 


imputation The post- hromatolytic neurones (4) are now less 
intensely stained than the normal ones (B) 
Fig. 4. Through dorsal root ganglia supplying the hind limbs 
* days after amputation. The proportion of strongly stained 
cells is much lower on the operated side (4) than on the normal 
side (B) 
Fig. 5. Through dorsal root ganglia and cord: 18 days after 
imputation. There are now fewer cells in both the dorsal root 
ganglia and the ventral horn on the operated side 
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Later, this staining becomes less intense and eventu - 
ally the fibres degenerate. Similar changes have been 
observed in the rat forebrain following lesions which 
interrupt cholinesterase-positive tracts to the hippo- 
campus‘. 
A. F. W. HuGHes 
P. R. Lewis 
Anatomy School, 
Cambridge. 
* Hughes, A. F. W. (to be published). 
*Glucksmann, A., Biol. Rev., 26, 59 (1951). 
Lewis, P. R., Bibl. Anat., 1 (1961). 
* Shute, C. C. D., and Lewis, P. R., see preceding communication 


VIROLOGY 


Determination of the Concentration of 
Myxoviruses and of Some Specific Antisera, 
based on Neuraminidase Activity 


Or the different properties of the viruses 
the myxogroup, for example, infectivity, antigenic 
propert ICs, hemagglutination and enzymic activity 
only hemagglutination has so far provided moder 
ately rapid and accurate titration methods for the 
determination of myxovirus A 
disadvantage of these methods is the necessary use 
of red blood cells, which are difficult to standardiz« 

We have devised a method for determination ot 
inyxovirus concentrations, based on the enzymic 
activity of the virus particles. The action of the virus 
enzyme—its ability to destroy the hemagglutination 
inhibitory capacity of some mucoproteins or to elute 
the virus from red blood cells—always leads to the 
splitting off of a sialic acid, mostly N-acet yineuramini« 
acid'. This neuraminidase activity can be measured 
by determining the amount of free sialic acid released 
by the enzyme when the virus is incubated at 37° C 
with a suitable substrate. As substrates we use the 
mucoprotein prepared by alcohol precipitation from 
human urine*, or the compound of low molecular 
weight N-acetylneuraminyl-lactose isolated from cow 
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32 @, x 16) 


Fig. 1 Cleavage of 
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Fig. 2. Determination of neuraminidase (virus)-concentration, 
strain A,-Singapore 1957 by cleavage of N-acetylneuraminy! 
lactose. Relation between dilution factor and N-acetylneuraminic 
acid released (optical density) after incubation for 30 min. The 
virus dilutions on the horizontal axis are compared both with the 
amount of enzyme units in the sample (one unit representing the 
amount of enzyme that releases 1 wmole of N-acetylneuraminic 
acid in 1 min. under the pH and temperature conditions used) 
and with the amount of hemagglutinin (chicken red cell agglutina 
tion units (ref. 6) ) 


colostrum by a procedure rather similar to that used 
for N-acet yl-O-acetylneuraminyl-lactose*. The free 
N-acetylneuramic acid is estimated by the NalQ,- 
thiobarbituric assay of Warren‘, which assay is 
negative for the N-acetylneuraminic acid, ketosidic- 
ally linked in the substrate. We use the Warren 
method with some modifications such as a correction 
for slight cloudiness by subtracting the optical 
density at 600 mu or by mixing the organic phase with 
2-5 per cent v/v acetone to avoid any cloudiness 
Cuvettes with a 4-cm. light path were used. 

In Fig. 1 the action of a myxovirus enzyme is 
shown. During the incubation of the 
(here N-acetylIneuraminyl-lactose) and the enzyme 
influenza virus A, 1(1957 Singapore)—at 37° C., 
samples are taken at various intervals for the determ- 
ination of the N-acetylneuraminie acid release. By 
the addition to the samples of the strongly acid 
NalO,-H,PO, reagent the enzyme reaction is stopped 
promptly. It may be seen that when the virus and 
substrate concentrations are rightly chosen, the 
amount of N-acetylneuraminie acid released is 
directly proportional to the ineubation time. With 
this method it can further be shown that myxovirus 
neuraminidases follow Michaelis-Menten kineties®. 

When a series of virus preparations of suitable 
dilution are incubated with the substrate for a stand- 
ard time, the relationship between the N-acetyl- 


substrate 
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neuraminic acid released and the virus dilution factor 
is found to be linear (Fig. 2). It is thus possible to 
the virus concentration in enzyme units ; 
furthermore, the strength of an unknown virus 
suspension can be determined by measuring the 
enzymic activity of several dilutions of this suspension 
and comparing it with that of a standard. When the 
determination is performed with only one virus 
dilution, in the range where the effect varies linearly 
with the concentration, the accuracy is equal to that 
of the chicken red cell agglutination method’. 

We applied this method to the influenza virus 
strains: A PR,(1934 U.S.A.), A,FM,(1947 U.S.A.), 
1, 5(1953 Nederland), A, 1(1957 Singapore), A, 
$05(1957 Japan), B Lee(1940 U.S.A.), B Bon(1942 
Australia), B 33(1958 Johannesburg), to A Swine 
influenza Swine 15(1930 U.S.A.) and to Newcastle 
disease, strain Hitchner Bl. Determinations can 
only be earried out, however, with more or less 
purified virus crude allantoic 
fluid was found to contain inhibitory substances. 
The concentration of receptor-destroying enzyme in 
filtrates of Vibrio cholerae can be determined in the 
same way. It is interesting to note that the quotient 
neuraminidase units/chicken red-cell agglutination 
units varies strongly for the different virus types, 
heing highest for the two A2 strains. 

Myxovirus antibodies can be demonstrated by their 
inhibition of viral hamagglutination. It seemed 
interesting to know if the viral enzymic activity is 
also blocked by antiserum. This proved to be true 
for the antibodies against two Asian influenza strains 
A, 1(1957 Singapore) and A, 305(1957 Japan), 
but not for some other strains. for example, 4, 
5(1953 Nederland) and B Bon(1942 Australia). The 
concentration of the antibodies against the two Asian 
strains can be determined by measuring the degree 
of inhibition of enzymie activity (Fig. 3). In these 
antibody determinations we use monovalent vaccines, 
prepared with 8-propiolactone, which retain their 
enzymic activity. 
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Inhibition of neuraminidase activity of 4,-Singapore 


by homologous rabbit antiserum 
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This, 


elsewhere 


of Miss A. J 


and further work, will be reported in detail 
We acknowledge the technical assistance 
Schirmer 
J. JACOBS 


J. N. Warop 


Biochemical Research Department, 
Central Research Laboratories, 
N.V. Philips-Duphar, Weesp, 
The Netherlands. 
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MISCELLANY 


Sampling of Sub-micron Particles for 
Electron Microscopy 


LN recent work on the attachment of radioactive 
particles to Aitken nuclei, we have been concerned 
with the sampling and subsequent examination by 
eleetro.s microscopy of Aitken nuclei in the size- 
range O-O1-0-lu diameter. A thermal precipitator 
was used for sampling, and the nuclei were at first 
collected on an electron microscope grid covered by a 
carbon film, instead of on the usual glass coverslip 
Doubts arose as to whether the sample was a uniform 
one or whether there was preferential deposition over 
the copper bars of the grid by reason of the increased 
thermal gradient in the neighbourhood of the bars 
or by sagging of the film between them. 
This effect has already been reported by Cartwright’, 
who, to obtain uniform samples, used the thermal 
preeipitator with the usual coverslips coated with a 
Formvar’ film After collection of the sample the 
film was scratched into suitable size, 
floated off the coverslip in distilled water and placed 


carbon 


sections of 


big. l. Autoradiograph of thermal precipitator sample of Aithen 
nuclei, labelled with thorium 3B, collected on carbon-coated 
electron microscope grid. ( 175) 
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simultaneous sample 
carbon-coated coverslip ( i75 


Fig. 2 Autoradiograph of 


on a grid for subsequent examination by electron 
microscopy. Cartwright observed preferential deposi 
tion on the grid bars of dust particles up to a few 
microns in diameter by means of an optical microscope. 
but in the present work the Aitken nuclei were too 
small for optical microscopy, and nucle: deposited 
over the grid bars could not be seen with the electron 
microscope 

The technique finally used to test the uniformity 
of the sample was to mark the Aitken nuclei with 
atoms of thorium B and then to autoradiograph the 
samples. Areas Aitken nuclei were concen 
trated could then be distinguished by the 
concentration of alpha tracks. ‘The autoradiographs 
shown are from the same thermal precipitator sample 
taken with an electron microscope grid (Fig. 1) and 
a coverslip (Fig. 2), both coated with an evaporated 
film of carbon, on opposite sides of the heated wire 
Lt is apparent that the deposit on the coated coverslip 
is very much than that on the grid 
Evaporated carbon films were used im preference to 
‘Formvar’ because of ease of production and increased 
strength in the electron beam 

The method of marking the nuclei with thorium / 
rate of 200 em.4/mim 


where 
local 


more uniform 


Was tO pass filtered air at the 
throuzh a solution of 5 me. of radiothorium (thorium 
228) in 40 ml. of 0-05 normal nitrie acid. The thoron 
carried over was then passed into the vessel contaimimye 
the nuclei to be marked The short-lived thoron 
decayed in the vessel to give the thorium B atoms 
which attached themselves to the nuclei present. 
Because of its low the thermal 
precipitator is not a very instrument im 
the present application, and we hope to develop a 
method ot sampling on to carbon coated coverslips 


sampling-rate, 
conveTuent 


by electrostatic precipitation. 


C. KE. 
Harvard University, 
School of Public Health 
W. J. MeGaw 
R. D. WirFEN 
Health Physics Division, 
Atomie Energy Research Establishment, 
Harwell. 
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FORTHCOMING EVENTS 


Meetings marked with an asterisk * are open to the public 


Monday, January 30 


UNIVERSITY OF LoNboN (in the Assembly Hall, Institute of Educa 
tion, Malet Street. London, W.C.1), at 5.15 p.m.— Dr. P. F. R. Ven 
ibles: “The Problems of Isolation in Technical Education”.* 


UNIVERSITY OF LoxNDON (in the Anatomy Theatre, University 
College, Gower Street, London, W.C.1). at 5.30 p.m Prof. J. P. Den 
Hartog (Massachusetts Institute of Technology): “Topics in Mech- 
iunical Vibrations. 1: Torsional Vibrations in Engine Systems caused 
by Gear Inaccuracies”.* (Further lectures on February 1 and 2.) 


ROYAL Society OF ARTS (at John Adam Street, Adelphi, London 
W.C.2), at 6 p.m.—Dr. James Taylor The Springs of Progress’. 
(Second of three Cantor Lectures on “The Modern Chemical Industry 
in Great Britain’’.) 


Tuesday, January 31 


UNIVERSITY OF LoNDON (in the Anavomy Theatre, University 
College, Gower Street. London, W.C.1). at 1.15 p.m Dr. W. A. 
Smeaton: “Science and Politics during the French Revolution”.* 


UNIVERSITY OF LONDON (at the London School of Hygiene and 
Tropical Medicine, Keppel Street, Gower Street, London. W.C.1), at 
5.30 pm.—-Dr. FB. M. Kay Transplantation of Hemonoietic 

Is”. (Sixth of fifteen lectures on “The Scientific Pasis of Medicine” 
organized by the Pritish Postgraduate Medical Federation.) 

SOCIETY OF INSTRUMENT TECHNOLOGY (at Manson House, 26 Port- 
land Place, London, W.1), at 7 p.m.—Mr. L. 8S. Yoxall: “Instru 
mentation— Past, Present and Future” 


Wednesday, February | 


UNIVERSITY OF LONDON (at the Postgraduate Medical School of 
London, Ducane Road, London, W.12), at 2 p.m.—Dr. F. G. J. 
Havhoe: “Cytology of Leukwmic Cells”.* 

ROVAL STATISTICAL SocrETY (at the London School of Hygiene 
and Tropical Vedicine, Kepnel Street, Gower Street, London, W.C.1) 
it 5 p.m.—Dr. D. J. Partholomew “A Test of Homogeneity of 
Means under Restrictive Alternatives”. 

ROYAL Socrety OF MEDICINE, HISTORY OF MEDICINE SECTION 
(at 1 Wimpole Street, London, W.1), at 5.15 p.m.—Mr. J. T. Rowling 
Pathological Changes in Mummies”: Dr. P. A. Zorab: “The HWis- 
torical and Prehistorical Background to Ankylosing Spondylitis” 
Mrs. Glemser : “The Anthropological Applications of Blood Grouping” 

BRITw4 INSTITTTION OF RADIO ENGINEFRS, RADAR GROTP (at 


the London Schoo! of Hygiene and Tropical Medicine, Kepne! Street, 
at 


tiower Street, London, W.C.1). 5.30 p.m.—Dr. D. E. N. Davies 
“& Fast Electronically Seanned Receiving System”. 

INSTITUTE OF INFORMATION SCTENTISTS (at the Swedenborg Society 
Hall. 20 Ploomsbury Way. London, W.C.1), at 6.15 p.m.—Mr, F. W 
Cousine: “Language at the Interface of Technology and the Law” 


ROYAL AFRONATTICAL Society (at 4 Hamilton Place, London, 
W.1), at 7 p.m.—Mr. J. C. Pinder: “The Economies of Agricultural 
hemicala and Fertilizers”. 

Society FOR ANALYTICAL CPEMISTRY, PHysical METHODS GROUP 
(at the Chemical Society, Purlington House, Piceadilly, London 
W.1), at 7 p.m.—Meeting on “X-Ray Fluorescence” ir. K. M. 
Rills: “X-Rav Fluorescence Spectroscopy”: Dr. F. Prown: “Some 
\nalytical Applications of X-Ray Flnorescene: Spectrometry” 


Thursday, February 2 


INSTITUTE OF Puysics AND THE PaysicaL Society (in the Physics 
Department of Imperial College, Prince Consort Road, Sonth Kensing 
ton, London, S.W.7), at 2.45 p.m. Dr. 7. H. Sanders: “The Optical 
Maser’: Dr. W. R. Hindmarsh: “Collision Broadening and Shift 
in Atomic Spectra” 

ROvAL Soctety (at Purlington House, Piccadilly, London, W.1) 
it 4.30 p.m.—Prof. W. T. M. Paton, F.R.S. : heory of Drug 
Action TPased the Rate of Drug-receptor Combination” Mr 
RB. B. Poveott. Mr. G. Gray and Mr. R. W, Guillery: “Synaptic 
Structure and its Alteration with Environmental Temperature 
Light and Electron Microscope Study of the Central Nervous Systen 

f Lizards”. 

INSTITUTE OF REFRIGERATION (at the Institute of Marine Engineers 
lhe Memorial Puilding. 76 Mark Lane. London, E.C.3), at 5.30 p.m 
Mr. Carl Munters and Mr. Lennart Lindqvist : “A New Conception in 
ooling Tower Design” 

INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London 

(.2), at 5.30 p.m Mr. A. J. Blundell, Mr. A. E. Garside, Mr 

Hibberd and Mr. I. Williams: “Silicon Power Rectifiers”. 

UNIVERSITY OF LoNDON (at the London School of Hygiene and 
fropical Medicine. Kepnel Street, Gower Street London, W.C.1) 

t 5.30 pom Dr. (. FE. Ford “The Inter-relationship of Nucleus and 
Cytonlasm”’.*® (Seventh of fifteen lectures on “The Scientific Pasis of 
Medicine” organized by the Pritish Postgraduate Medical Federation.) 

UNIversity oF Lo~pon (in the New Physics Puilding, Imperial 
College of Science and Technology, London, 8.W.7), at 5.30 p.m 
Prof. A. Pipnard, F.R.S “The Electronic Structure of Metals”.* 
First of three lectures. Further lectures on February 9 and 16.) 

INSTITUTE OF METALS, Lonpon Locan Section (at 17 Belgrave 
Square, London, 8.W.1), at 6.30 p.m.—Mr. P. G, Forrester: “The 
Development of Some New Rearing Materials” 
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UNIVERSITY OF LONDON (at Wye College, Wye, near Ashford 
Kent), at 8.15 p.m.—Prof. R. Brown: “Morphogenesis in Plante”’.* 


Friday, February 3 


INSTITUTION OF ELECTRICAL ENGINEERS, MEDICAT, ELBCTRONK 
DISCUSSION GROUP (at Savey Place, London, W.C.2), at_6 p.m 
Discussion on “Recent Technical Developments in Eye Movement 
Recording” opened by Dr. P. A. Merton and Dr. C. Rashbass. 


SocrETyY OF CHEMICAL INDUSTRY, ROAD AND BUILDING MATERIAL 
Grove (joint meeting with the MANCHESTER SECTION, In the Robinsou 
Theatre. The University, Manchester). at 6 p.m.-—Mr. D. I. Matthews - 
“Surface Active Agents in bituminous Road Materials”. 


RoyAL INSTITUTE OF CHEMISTRY, LONDON SkeTION (joint meeting 
with the BRIGHTON TECHNICAL COLLEGE CHRMICAL Soctety, at 
Prighton Teehnical College. Brighton), at 7.30 _p.m.—Sir H. W 
Melville. F.R.S.: “Research and Development in D.S.LR. Stations’ 


Saturday, February 4 


LonpON Covety CouNncIL G Horniman Museum, London 
Road. Forest Hill, London 3.50 p.m Dr. F. 8S. Wallix 
Prehistoric Stone Factories’’.* 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on ot 
hetore the dates mentioned 

BIocHEMIST (Principal grade), to take charge of the Fiochemical 
Department of the Group Laboratory, Lakin Road, Warwick The 
Group Seeretary, South Warwickshire Hospital Group, 50 Holly 
Walk, Leamington Spa (February 2) 

ASSISTANT LECTURER or LECTURER IN THE DEPARTMENT OF PURE 
MATHEMATICS—The Registrar, The University, Liverpool (February 3). 
LECTURER or ASSISTANT LECTURER IN TNORGANIC CUEMISTRY— 
The Clerk to the Governors, Chelsea College of Science and Technology 

Manresa Road, London, S.W.3 (February 3). 

LECTURER IN AGRICULTURE (ANIMAL PropvcTIon); and a DE 
PARTMENTAL ASSISTANT IN ANIMAL the School of 
Agriculture, Sutton Ponington—-The Registrar, The University 
Nottingham (February 4) 

LECTURER (with graduate qualifications and wide experience of the 
paper-making industry) IN PAPER TECHNOLOGY The Principal, Med- 
way College of Technology, Horsted, Maidstone Road, Chatham 
Kent (February 4). 

RESEARCH ASSISTANT (with a degree in mathematics or equivalent 
qualifications, and preferably previous experience of electronic com 
puters) IN THE COMPUTING MACHINE LABORATORY, to assist In the 
operation of a computing service on the Mereury and Atlas electronic 
computers—The Registrar, The University, Manchester 13 (Fel 
ruary 4) 

SENIOR or JUNIOR RESEARCH ASSISTANT, for the M.R.C. Research 
Group in Enzymology in the Department of Chemical Pathology- 
The Secretary, St. Mary’s Hospital Medical School, Paddington 
London, W.2 (February 4) 

LECTURER (male) Eovcation—The Principal, Road 
College, Isleworth, Middlesex (February 6). 

ASSISTANT LECTURER IN PHILosopHY—The Registrar, The Univer 
sitv, Leicester (February 10). 

LECTURER IN Perysics : and a LECTURER IN PHYSIOLOGICAL 
Loey—The Registrar, The University, Leicester (February 10). 

LECTURER IN PURE MATHEMATICS; a LECTURER IN APPLIKIY 
MATHEMATICS: an ASSISTANT LECTURER IN PURE MATHEMATICS 
ind an ASSISTANT LECTURER IN APPLIED MATHEMATIOS- Th 
Registrar, The University, Leicester (February 10). 

LEcTURER (with special interest in genetics) IN BOTANY- The 
Registrar, The University, Leicester (February 10). 

LECTURER or ASSISTANT LECTURFR IN STATISTICS IN THE DEPART 
MENT OF PrRE MATHEMATICS—The Registrar, The University 
Edgbaston, Birmingham 15 (February 15). 

READER IN APPLIED MATHEMATICS—The Clerk to the Governors 
Chelsea College of Science and Technology, Manresa Road, London 
(February 15) 

ASSISTANT LECTIRER (with a good honours degree in either botany 
or agricultural botany, and a special interest in mycology or plant 
pathology) IN THE DEPARTMENT OF AGRICULTURAL | OTANY The 
Registrar. University College of Wales Abervetwyth (February 18) 

READER IN PHARMACOLOGY; a LECTURER IN SoctoLoay, a 
LECTURER IN ORGANIC CPEMISTRY a LECTURER IN Foor ScrRNCE 
. LECTURER IN AGRICULTURE (ANIMAL PRODUCTION); LECTURERS 
ind ASSISTANT LECTURERS IN CIVIL ENGINEERING and ELPCTRICAL 
ENGINFERING and ASSISTANT LECTURERS IN APPLIE) MATHEMATICS 
ind RoTANY—The Registrar, The University, Nottingham (Febru- 
uy 18). 

LECTURER IN AFRONAUTICAL ENGINERRING-— The Registrar, Queen 

College (University of London), Mile End Road, London, E.! 
(February 20) 

REAPER IN APPLIED MATHEMATICS at Queen Mary College The 
Academic Registrar, University of London, Senate House, London 
W.C.1 (February 24). 

FELLOW AND LEcTURER (mathematician with interests in the 
field of theoretical physics) IN MATHEMATICS—The Rector, Exeter 
College, Oxford (February 25) 

LECTURER or ASSISTANT LECTURER IN APPLIED MATHEMATICS 
The Secretary and Registrar, University College of North Wales 
Kangor, North Wales (February 27) 

ASSISTANT LECTVRER or LEcTURER (with qualifications in any 
branch of pure mathematics and special interests in numerical analysis 
or mathematical statistics) IN THE DEPARTMENT ©} MATHEMATICS 
and an ASSISTANT LECTURER (with special qualifications in inorgank 
chemistry or in physical chemistry) IN THE DEPARTMENT OF Cur 
ISTRY—The Registrar, University College of S« uth Wales and 
Monmouthshire, Cathavs Park, Cardiff (February 28). 
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This, and further work, will be reported in detail 
We acknowledge the technical assistance 
Schirmer 


lsewhere 

f Miss A. J 
J. JACOBS 
J. N. Warop 


Biochemical Research Depart ment, 
Central Research Laboratories, 
N.V. Philips-Duphar, Weesp, 
The Netherlands. 
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* Warren, L., J. Biol. Chem., 234, 1971 (1959). 
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phys. Acta, 44, 185 (1060) 
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MISCELLANY 


Sampling of Sub-micron Particles for 
Electron Microscopy 


IN recent work on the attachment of radioactive 
particles to Aitken nuclei, we have been concerned 
with the sampling and subsequent examination by 
electron microscopy of Aitken nuclei in the size- 
range 0-O1-O0-lu diameter. A thermal precipitator 
was used for sampling, and the nuclei were at first 
collected on an electron microscope grid covered by a 
carbon film, instead of on the usual glass coverslip 
Doubts arose as to whether the sample was a uniform 
one or whether there was preferential deposition over 
the copper bars of the grid by reason of the increased 
thermal gradient in the neighbourhood of the bars 
or by sagging of the carbon film between them 
This effect has already been reported by Cartwright’, 
who, to obtain uniform samples, used the thermal 
precipitator with the usual coverslips coated with a 
Formvar’ film. After collection of the sample the 
seratched size, 
floated off the coverslip in distilled water and placed 


War into sections of suitable 


ample of Aithen 
earbon-coated 


bie. Autoradiograph of thermal precipitator 
lei, labelled with thorium 2, collected on 
electron microscope grid ( 175) 
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Autoradiograph of simultaneo 


us sample collec 
carbon-coated coverslip. (» 175 


on a grid for subsequent examination by electron 
microscopy. Cartwright observed preferential deposi 
tion on the grid bars of dust particles up to a few 
microns in diameter by means of an optical microscope. 
but in the present work the Aitken nuclei were too 
small for optical microscopy, and nuclei deposited 
over the grid bars could not be seen with the electron 
microscope. 

The technique finally used to test the uniformity 
of the sample was to mark the Aitken nuclei with 
atoms of thorium B and then to autoradiograph the 
Aitken nuclei were concen 
distinguished by the 
The autoradiographs 


samples. Areas where 
trated could then be 
concentration of alpha tracks. 
shown are from the same thermal precipitator sample 
taken with an electron microscope grid (Fig. 1) and 
a coverslip (Fig. 2), both coated with an evaporated 
film of carbon, on opposite sides of the heated wire 
Lt is apparent that the deposit on the coated « overslip 
is very much more uniform than that on the grid 
Evaporated carbon films were used in preference to 


local 


‘Formvar’ because of ease of production and increased 
strength in the electron beam 

The method of marking the nuclei with thorium / 
was to pass filtered air at the rate of 200 em.#/min 
through a solution of 5 me. of radiothorium (thorium 
228) in 40 ml. of 0-05 normal nitric acid. The thoron 
carried over was then passed into the vessel contaming 
the nuclei to be marked The short-lived thoron 
decaved in the vessel to give the thorium #B atoms 
themselves to the nuclei present. 
low thermal 


which attached 
Because of its sampling-rate, the 
mstrument i 


Lo develop a 


precipitator not convement 
the present application, and we hope 
method ot sampling on to carbon coated coverslips 


very 


bv electrostatic precipitation. 


C. KE. 
Harvard University, 
School of Public Health 
W. J. Mrecaw 
R. D. WiIFFEN 
Health Physics Division, 
Atomic Energy Research Establishment, 
Harwell. 
‘Cartwright, J.. Brit, J. App, Phys., Supp. No. 3 (1954) 
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FORTHCOMING EVENTS 


Meetings marked with an asterisk * are open to the public 


Monday, January 30 


Loxpon (in the Assembly Hall, Institute of Educa 
tion, Malet Street, London. W.C.1), at 5.15 p.m.—-Dr. P. F. R. Ven- 
ibles : “The Problems of Isolation in Technical Education”.* 


UNIVERSITY OF LoNDON (in the Anatomy Theatre, University 
College, Gower Street, London, W.C.1), at 5.30 p.m.—Prof. J. P. Den 
Hartog (Massachusetts Institute of Technology): “Topics in Mech- 
anical Vibrations. 1: Torsional Vibrations in Engine Svstems caused 
by Gear Inaccuracies”.* (Further lectures on February 1 and 2.) 


ROYAL Society OF ARTS (at John Adam Street, Adelphi, London 
W.C.2), at 6 p.m.—Dr. James Taylor: “The Springs of Progress”. 
(Second of three Cantor Lectures on “The Modern Chemical Industry 
in Great Britain.) 


UNIVERSITY OF 


Tuesday, January 31 


UNIVERSITY OF LoNDON (in the Anatomy Theatre, University 
College, Gower Street, London, W.C.1), at 1.15 p.m Dr. W. A. 
Smeaton: “Science and Politics during the French Revolution”.* 


UNIVERSITY OF LONDON (at the 
Tropical Medicine, Keppel Street, Gower Street, London, W.C.1), at 
5.30 pm.-—Dr. H. FE. M. Kay “Transplantation of Hemonoietic 
Cells”.* (Sixth of fifteen lectures on “The Scientific Pasis of Medicine” 
organized by the Pritish Postgraduate Medical Federation.) 

SOCTETY OF INSTRUMENT TECHNOLOGY 
land Place, London, W.1), at 7 p.m. 
mentation—-Past, Present and Future” 


London School of Hygiene and 


26 Port- 
“Instru 


(at Manson House 
Mr. L. Yoxall: 


Wednesday, February | 


LONDON (at the Postgraduate Medical School of 
Road, London, W.12), at 2 p.m.—Dr. F. G. J. 
of Leukewmic Cells”.* 

Society (at the London School of Hygiene 
Gower Street, London, W.C.1). 


UNIVERSITY OF 
London, Ducane 
Hayhoe: “Cytology 


ROVAL STATISTICAL 
ind Tropical Medicine, Kepnel Street, 
at 5 pm—Dr. D. J. Partholomew 
Means under Restrictive Alternatives” 

ROYAL Society OF MEDICINE, HISTORY OF 
(at 1 Wimpole Street. London, W.1), at 5.15 p.m.—Mr. J. T. Rowling 
‘Pathological Changes in Mummies”: Dr. P. A. Zorab: “The HWis- 
torieal and Prehistorical Background to Ankylosing Spondylitis” 
Mrs. Glemser : “The Anthropological Applications of Blood Grouping” 


INSTITTTION OF RADIO ENGINEERS, RADAR GROUP (at 
the London School of Hygiene and Tropical Medicine, Kennel Street, 
Gower Street, London, W.C.1). at 5.30 p.m.—Dr. D. E. N. Davies 
“A Fast Electronically Seanned Receiving System”. 


INSTITUTE OF INFORMATION SCTENTISTS (at the Swedenborg Society 
Hall, 20 Ploomsbury Way, London, W.C.1). at 6.15 p.m.—Mr. F. W. 
Cousins: “‘Language at the Interface of Technology and the Law” 


ROYAL AFRONATTICAL SociFtTy (at 4 Hamilton Place, London 
W.1), at 7 p.m.—Mr. J. C. Pinder: “The Economies of Agricultural 
“hemicals and Fertilizers” 

Society FOR ANALYTICAL CHEMISTRY, 

the Chemical Society, Purlington 

at 7 p.m.—Veeting on “X-Ray Fluorescence . Mr 

“X-Rav Fluorescence Spectroscopy” : Dr. F. Prown: “Some 
\nalytical Applications of X-Ray Fluorescence Spectrometry” 


MEDICINE SECTION 


PHYSICAL MET#Vops Grove 
House, Piccadilly, London 
K. M 


Thursday, February 2 


INSTITUTE OF AND THE PaYSICAL Society (in the Physics 
Department of Imperial College, Prince Consort Road, Sonth Kensing 
ton, Landen, S.W.7), at 2.45 p.m.—Dr. 7. H. Sanders: “The Optical 
Maser’: Dr. W. R. Hindmarsh: “Collision Broadening and Shift 
in Atomic Spectra’’. 

RovaL Socrrry fat 
it 4.30 p.m Prof. W. 
Action Pased on the Rate 
Cuillery “Synaptic 
Structure and its Alteration with Environmental Temperature 
Light and Electron Microscope Study of the Central Nervous System 

f Lizards” 

INSTITUTE OF REFRIGERATION (at the Institute of M: arine Engineers 
Che Memorial Puilding. 76 Mark Lane. London, E C.3), at 5.30 pom 
Vr. Carl Vonters and Mr. Lennart Lindqvist ‘A New Conception in 
tooling Tower Design™ 
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INSTITU TION OF ELECTRICAL ENGINEFRS (at Savoy 
> 5.320 pom Mr. A. J. Blundell, Mr. A. E 
rd and Mr. I. Williams: “Silicon Power 


UNIVERSITY OF LONDON (at the 
fropieal Medicine. Kepnel Street 
t 5.30 pom : Ford The Inter-relationship of Nucleus and 
Cytonlasm”’ 1 of fifteen lectures on “The Scientific Pasis of 
Medicine” organized by the Pritish Postgraduate Medical Federatho 
New Physics Puilding, Imperial 
London, S.W.7), at 5.30 pom 
Electronic Structure of Metals’’.* 
tures on February 9 and 16.) 


London School of Hygiene and 
Gower Street, London. W.C.1) 


TNIVERSITY OF LONDON (in the 
College of Science and Technolory 
Pref 4. Pipnard, F.R.S “The 

irst of three lectures. Further le« 

INSTITUTE OF METALS, LonDON LocaL Section (at 17 Telgrave 
square, London, 8.W.1), at 6.30 p.m.—Mr. P. G, Forrester: “The 
Development of Some New Bearing Materials” 
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Prof. R. Brown : 


Friday, February 3 


INSTITUTION OF ELECTRICAL ENGINEERS, MEDICAL 
DiscUSSION GROUP (at Savoy Place, London, W.C.2), at_ 6 p.m 
Discussion on “Recent >. al Develo eee in Eve Movement 
Recording’ opened by Dr. A. Merton and Dr . Rashbass. 


OF CHEMICAL INDUSTRY, ROAD AND BUILDING MATERIAL 
GrRovP (joint meeting with the MANCHESTER SECTION, in the Robinsou 
Theatre, The University, Manchester), at 6 p.m.-——Mr. D. Hl. Matthews . 
“Surface Active Agents in Lituminous Road Materials” 

ROYAL INSTITUTE OF 
with the Bricuton Tr 
Hrighton Technical College, 
Melville, F.R.S.: “Research and 


ELECTRONIC> 


CHEMISTRY, LONDON SecTION (joint meeting 
INICAL COLLEGE CHEMICAL at 
Erighton), at 7.30 p.m.—Sir H. W 
Development in D.S.LR. Stations” 


Saturday, February 4 
Counci. (at the Horniman 


London, S.E.23), at 3.50 p.m Dr. 


LONDON COUNTY 
Road, Forest Hill, 
‘Prehistoric Stone Factories” 


Museum, London 
F. S. Wallix 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on ot 
before the dates mentioned 

KIOCHEMIST (Principal grade 
Department of the Group Laboratory, 
(iroup Secretary, South Warwickshire 
Walk, Leamington Spa (February 2) 

ASSISTANT LECTURER or LECTURER 
MATHEMATICS—The Registrar, The University, Liverpool (February 3). 

LECTURER or ASSISTANT IN [TNORGANIC CU EMISTRY~ 
The Clerk to the Governors, Chelsea College of Science and Technology 
Manresa Road, London, S.W.3 (February 3). 

LECTURER IN AGRICULTURE (ANIMAL PRODUCTION) and a DE 
PARTMENTAL ASSISTANT IN ANIMAL PHYSIOLOGY, at the School of 
Agriculture, Sutton Bonington—-The Registrar, The University 
Nottingham (February 4). 

LECTURER (with graduate qualifications and wide experience of the 
paper-making industry) IN PAPER TECHNOLOGY—The Principal, Med- 
wav College of Technology, Horsted, Maidstone Road, Chatham 
Kent (February 4) 

RESEARCH ASSISTANT (with a degree in mathematics or equivalent 
qualitieations, and preferably previous experience of electronic com 
puters) IN THE COMPUTING MACHINE LABORATORY, to assist in the 
operation of a computing service on the Mercury and Atlas electronic 
computers—The Registrar, The University, Manchester 13 (Fel 
ruaryv 4) 

SENIOR or JUNIOR RESEARCH ASSISTANT, for the M.R.C. Research 
Group in Enzymology in the Department of Chemical Pathology- 
The Secretary, St. Mary’s Hospital Medical School, Paddington, 
London, W.2 (February 4) 

LECTURER (male) IN Enucation—The 
College. Isleworth, Middlesex (February 6). 

ASSISTANT LECTURER IN PHILOSOPHY—The Registrar, The Univer 
sitv, Leicester (February 10). 

LECTVRER IN Puysics: and a LECTURER IN PHYSIOLOGICAL 
Loay—The Registrar, The University, Leicester (February 19). 

LECTURER IN PURE MATHEMATICS; a LEcTURER IN APPLIRD 
MATHEMATICS: an ASSISTANT LECTURER IN PURE MATHEMATICS 
and an ASSISTANT LECTURER IN APPLIED MATHEMATIOS—Th« 
Registrar, The University, Leicester (February 10). 

LEcTURER (with special interest in genetics) IN 
Registrar, The University, Leicester (February 10). 

LECTURER or ASSISTANT LECTURER IN STATISTICS IN THE DEPART 
WENT OF PrRE MATHEMATICS—The Registrar, The University 
Edgbaston, Pirmingham 15 (February 15). 

READER IN APPLIED MATHEMATICS—The Clerk to the Governors, 
Chelsea College of Science and Technology, Manresa Road, London 
S.W.3 (February 15) 

ASSISTANT LECTVRER (with a good honours degree in either botany 
or agricultural botany, and a special interest in mycology or plent 
pathology) IN THE DEPARTMENT OF AGRICULTURAL | OTANY—The 
Registrar. University College of Wales, Abervstwyth (February 18) 

READER IN PHARMACOLOGY; a LEeTURER IN SoctoLoagy a 
LECTURER IN ORGANIC CeEMISTRY a LecTURER IN 
LECTURER IN AGRICULTURE (ANIMAL 
und ASSISTANT LECTURERS IN CIVIL ENGINFFRING and ELRCTRICAL 
ENGINEERING : and ASSISTANT LECTURERS IN APPLIRY) MATHEMATICS 
ind BoTANY—The Registrar, The University, Nottingham (Febru 
ury 18) 

LECTURER IN AFRONATTICAI 
Mary College (University of London), Mile 
(February 20) 

REAPER IN APPLIED MATHEMATICS at Queen 
Academic Registrar, University of London, Sena 
W.C.1 (February 24) 

FELLOW AND LEcTURER (mathematician 
tield of theoretical physics) IN MATHEMATICS 
College, Oxford (February 25) 

LECTURER or ASSISTANT ~" TURER IN 
The Secretary and Registr University 

North Wales 27) 
LECTURER or LEcTURER (with qualifications in any 
ure mathematies and special interests in numerical analysis 
or mathematical statistics) IN THRE DRPAKTMENT OF MATHEMATICS 
and an ASSISTANT LEcTURER (with special qualifications in inorganic 
chemistry or in physical chemistry) IN THE DEPARTMENT OF CHEM 
ISTRY—The Registrar, University College of South Wales and 
Monmouthshire, Cathavs Park, Cardiff (February 28) 


charge of the Piochemical 
Warwick—The 
Holly 
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IN THE DEPARTMENT OF PURE 


Principal, Borough Road 


BOTANY-—The 


Registrar, Queen 
London, E.! 


ENGIN ERRING— The 
End Road, 


Marv College-——The 
te House, London 


interesta in 
Exeter 


with 
The Rector, 


APPLIED MATHEMATICS 
College of North Wales 


337 
4 
1 
4 
ids 
4 
is 
af 
pik 
K 
| 
‘ 


CHAIR OF MATHEMATICS in the Royal College, Nairobi--The Secre- 


tary, Inter-University Council for Higher Education Overseas, 20 
Woburn Square, London, W.C.1 (February 28) 
LECTURERS or ASSISTANT LECTURERS (3) IN Puysics-—The Regis- 


trar, The University, Hull (February 2%) 
IMPERIAL CHEMICAL INDUSTRIES RESEARCH FELLOWS IN CHEM- 
ISTRY, PHYSICS, KiOCHEMISTRY or GEOLOGY-—-The Kegistrar, The 


Leicester (March 4) 
CukMICAL INDUSTRIES RESEARCH FELLOW IN CHEMISTRY 


University, 
IMPBRIAL 


AND Puysics——The Secretary, The University, Exeter (March 5) 
ASSISTANT LECTURER IN CHEMISTRY; an ASSISTANT LECTURER 
IN GBOGRAPHY ; and an ASSISTANT LECTURER IN PURE OR APPLIED 


MATHEMATICS at the University of Singapore, Malava—The Secretary, 


Inter-University Council for Higher Education Overseas, 20 Woburn 
Square, London, W.C.1 (March 31). 

IMPERIAL CHEMICAL INDUSTRIES FELLOWS FOR RESEARCH IN 
PHysics, CHEMISTRY, COLLOID SCIENCE, BIOCHEMISTRY, ENGINEER- 
ING, METALLURGY PHARMACOLOGY, CHEMOTHERAPY or related 
subjects—The Secretary General of the Faculties, The University 
The Old Schools, Cambridge (April 2%). 


DEAN OF THE FACULTY OF HOME ScIENCE, University of Otago 
Dunedin, New Zealand-—The Secretary, Association of Universities 
of the british Commonwealth, 36 Gordon Square, London, W.C.1 


(New Zealand and London, April 30) 

GROLOGISTS (4), to teach in the flelds of mineralogy 
petrography, paleontology, stratigraphy, structural geology, 
weology and geophysics- Escola de Geologia, Universidade 


petrology 
economn 
da bahia, 


Salvador, Kahia, brazil 

MASTER TO TEACH SCIENCE, CHIEFLY PHYSICS AND CHEMISTRY 
The Headmaster, King’s College, Taunton, Somerset 

RESEARCH ASSISTANT (with an honours degree and preferably some 


to investigate high strain fatigue of metals (work 
Prof. Hl. Ford, Imperial College of Science 


design experience) 
suitable for higher degree) 
and Technology, London 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


National Association for Mental Health. Annual Report, 1959-60. 
Pp. 55. (London: National Association for Mental Health, 1960.) [2710 
Philosophical Transactions of the Koval Society of London 
fi: Biological Sciences. No. 701, Vol. 243 (27 October 1960): Co 
interglacial Deposits of the English Channel. By R. G. West 
i. W. Sparks. Pp, 05-133 + plate 16. (London: The Royal Society, 
1060.) {2710 
JB riti ish Broadcasting Corpor ition Engineering Monograph 
; New Survey of the BBC, Trans- 
‘By L. R. Atkins, A. R Stanley and 8. N. Watson. 
(London British Broadcasting Corporation, 1060.) 5s 
Philosophical Transactions of the Royal Society of London 
4 Mathematical and Physical Sciences. No. 1024, Vol, 253 (27 
Hetober 1960): The Boltzmann Equation for a Bounded Medium 
(ieneral Theory By 8. Simons, Pp. 137-184. (London Roval 
Society, 1960.) 158 
Ciba (A.R.L.), Limited, Technical Notes, No, 214 (October 1960) 
Radio-frequency Heating, Part 2 (conclusion). Pp. 8. (Duxford 
Ciba (A.R.L.), Ltd., 1960.) [3110 


BBC, 
Experimental Colour 
thins ions 


Hopkin and Williams, Ltd. Organic Chemical Reagents Monograph 
No. 41 4 7-Diphenyl-1 10-Phenanthroline (‘Bathophenanthro 
line’): Reagent for Iron. By E. J. Newman and G. Peters. Pp. 7. 
‘Chadwell Heath Hopkin and Williams, Ltd., 1960.) [3110 

The International Association for the Exchange of Students for 
rechnical Experience Thirteenth Annua! Report, 1960 Pp. 70 
Keport of LA.E. 8.T.E. in Great Britain for year ending September 
1960. Pp. 12. (London: International Association for the Exchange of 
Students for Technical Experience, 1960.) [3110 

(ieomnorphological Abstracts, No. 1 (June 1960), Pp. 23. Published 
four times a vear in March, June, September and December. (London 
K. M. Clayton, Department of Geography, London School of Eeonomics 
ind Political Science, 1960.) 3110 

English Electric Valve (Cs Ltd. E702 Soeneme Tubes Pp. 28 
(Chelmstord: English Electric Valve Co. Lt 106.) [3110 

The Registrar General's Statistical Review of England and Wales 
for the year 1958. Part 3: Commentary. Pp. xiv +222. (London 
HLM. Stationery Office, 1960.) 138. net {3110 

Forestry Commission. Report on Forest Research for the year ended 
Mareh, 1059 Pp. ix +186+5 plates. Ge, 6d, net Leatlet No, 2 
telo oleyi: an Insect Pest of Douglas Fir and Sitka Spruce. 
Ky Dr. Myles Crooke. Pp. 8. Od, net. (London: H.M. Stationery 

Ministry of Agriculture, Fisheries and Food Bulletin No. 115: 
Construction and Heating of Commercial Glasshouses, Pp. iv+ 08 +8 
plates London H.M. Stationery Office, 1060.) 68, ne [S110 

Seottish Marine Biological Association Annual Report, 1950-60, 
Pp. 28. (Millport, Isle of Cumbrae : Scottish Marine biological! Associa 

Department of Scientific and Industrial Research Building 


tesearch Station. National Building Studies Research Paper No. 31 
Studies on Bridge-Deck Systems Part 2 Kending Moments in a 
Vlate-and-Girder Syster by ©. ©, Ritchie. Pp. iv +67. (London 
HLM. Stationery Office, 1960.) 4s. net {711 
Institution of Gas Engineers. Publication No. 578: The Choice ot 
subjects for Research and Development by Sir Harold Hartley 
rp. 9 London : Institution of Gas Engineers, 1960.) 7H 
Lritish Universities Film Council. Catalogue of Films for Universities 
Pp. 166+xxiv. (Glasgow British Universities Film Council, Roval 
‘ollege of Science and 1060.) 711 
inilding Research Static Second Series, No. 4 Repairing 
Mrickwork. Pp uion: Stationery Office, 1960.) [711 
Planning, Vol 446 (7 November, 1960): More Planning in 
Pakistan. Pp 6. (London: Political and Economic Planning 
be. Od, {711 
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Other Countries 


Fisheries Research Board of Canada. Biological Station, St. Andrews’ 
N.bB. General Series Circular No. 33 (September, 1960): Outlook for 
the Georges Bank Scallop Fishery. Pp. 2. (St. Andrews, N.b.: Fisher- 
ies Research Board of Canada, 1960.) [2410 

Towards the Dissolution of the Thermodynamic Paradoxes. $N 
Sven Svantesson. (Supplement to “Foundations of Thermodynamic- 


with Antitheses and Disputation.”) Pp. 4. (Stockholm: Almavist 
and Wiksell/Giebers, 1960.) [2410 

Food and Agriculture Organization of the United Nations, Rom: 
Animal Health Branch Monograph No Diseases of Free-Living 
Wild Animals. By Dr. A. McDiarmid. Pp. iii+ 91. (Rome: Food and 
Agriculture Organization of the United Nations, 1960.) [2610 

Indian Forest Bulletin No. 171 (3), (New Series): A List of Insect 
Pests of Forest Plants in India and the Adjacent Countries. Part 4 


Insect Pests of Plant Genera ‘C” (concluded) (( lausena to 
Cytisus). By R. N. Mathur and Balwant Singh. Pp. 45. Re. 5.24nP. 
3d. Indian Forest Bulletin No. 171 (4), (New Series): A List of 
Insect Pests of Forest Plants in India and Adjacent Countries. Part 5 
List of Insect Pests of Plant Genera ‘D to F’ (Dactyloclenium to Fun 
tumia), By R. N. Mathur and Balwant Singh. Pp. 165. Rs. 10.; 16« 
Indian Forest Leatlet No. 161 (Entomology), ¢ hrysocraspeda olearia 
tiucnee, a Defoliator of Eugenia Jambolana (Geometridae : Lepidop 


List of 


tera). by R. N. Mathur. Pp. 4+1 plate. Rs. O.87nP.; 1s. 3d, Indian 
Forest Records (New Series). Silviculture Vol. 10, No. 8: General 
Standard Volume Tables for Casuarina equisetifolia Forest. By 8S. K 
Seth and S. N. Dabral. Pp. 227-237. Ks. 2.75nP.; 1s. 6d. (Delhi 
Manager of Publications, 1959 and 1960.) (2710 
Earthquake Research Institute, University of Tokyo Pp. 138 
(Tokyo: The University, 1960.) [S110 


British Honduras, Annual Re port of the Forest Department for the 
3 


year 1959, Pp. 20. (Belize: Forest Department, 1060.) [3110 
Canada esastens nt of Mines and Technical Surveys. Geological 
Survey of Canada. Bulletin No. 50: The Jurassic Faunas of the 
Canadian Arctic: Lower Jurassic and Lowermost Middle Jurassi: 
Ammonites. By Hans Frebold. Pp. vi+33 +15 plates. 1.25 dollar- 
Memoir No. 307: Atlin Map-Area, british Columbia (104N). By J.D 
Aitken. Pp. ix +80 (4 plates). 1 dollar. Memoir No. 314: Mississippian 
Horton Group of Type Windsor-Horton District, Nova Scotia. By 
W. A. Bell. Pp. ix +112 (24 plates). 2 dollars. (Ottawa: Queen’ 
Printer, 1060.) [3110 
International Symposium on the Chemistry of Natural Product-~ 
1960. (Melbourne 15-18 August, Canberra 19-20 August: Sydne) 
21-25 August.) Organized by the Australian Academy of Science- 
under the auspices of The Section of Organic Chemistry, International 
Union of Pure and Applied Chemistry. Symposium Handbook 
Pp. 96 +4 plates. Abstracts of Papers. Pp. 100, (Canberra: Australian 
Academy of Sciences, 1960.) [3lle 
Transvaal Museum, Pretoria Report for the year ending 31st 
March, 1960, Pp. 46. (Pretoria: Transvaal Museum, 1°60.) [3110 
Mitteilungen des Deutschen Wetterdienst: Nr. 22 (Band 3) 
Uber den Einfluss von Exposition und wicks suf die Erdboden 
temperaturen. Von Karl Heigel. Pp. 36. (Offenbach a M.: Selbstver 
lag des Deutschen Wetterdienstes, 1960.) [3110 


National Museum, b loe nifontein. Annual Report for the year ended 


sist March, 1960, Pp. 22. Memoir No. oe tory of the Matje- 
River Rock Shelter. By Dr. J. P. Louw. Pp. 143 (7 Plates). (Bloem- 
fontein National Museum, 1960.) [3110 

International Atomic Energy Agency, Vienna Some Recent 
Activities of I.A.E.A. (A Service to the Specialized Press.) Pp. 41 
(Vienna: International Atomic Energy Agency, 1060.) (3110 

2000 A.D a bBiologist’s Thoughts on the Next Forty Years. By 


Sir F. Mactarlane Burnet. (Sir John Morris Memorial Lecture, 1959 
Vp. 15. (Melbourne: Melbourne University Press; London: Cam 
bridge University Press, 1960.) 2s. 6d, net [3llu 
Universidade de Sao Paulo. Contribuicoes Avulsas fo Institute 
Oceanogratico, No. 1: Radiacao Solar e Insolacao em Cananela. Por 
A. Garcia Oecchipinti. Pp. 40. No. 2: Propagacao do Onda de Mar 
em Torneo da Tha de Cananeia. Por I. C. Miniussi. Pp. 8. (Sao Paulo 
Universidade de Sao Paulo, 1959.) {711 
Metropolitan Life Insurance Company. Statistical Bulletin, Vol. 41 
(September 1960): Trends in Survival at the Older Ages Joint 
Effect of Blood Pressure Level and Impairments. Incidence of Polio 


myelitis Decreases. Fatal Accidents in Later Lite. Pp. 12. (New York 


Metropolitan Life Insurance Company, 1060.) {711 

Inter-American Tropical Tuna Commission. Annual Report for the 
vear 1059. Pp.i+156. (La Jolla, California : Inter-American Tropica! 
Tuna Commission, 1960.) 

United States Department of Agriculture Farmers’ Bulletin No 
2149: Soil and Water Management in Irrigated Sugar Beet Fields 
By J. L. Haddock. Pp. 12. (Washington, D.« Government Printing 
Office, 1960.) 10 cents (711 

United States Department of Commerce Coast and Geodetic 
Survey Technical bulletin No 4 Use of Artiticial Satellites for 
Navigation and Oceanographic Surveys. By Paul D. Thomas. Py 
i+24, (Washington, D.C. Giovernment Printing Office, 1960.) 
25 cents {711 
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Griffin 
Gelometer 


Jelly strength tester to British Standard Specifications 


No. 647 and 757 for determining the Bloom number. 


An improved model having— 


* Audible clicker to fine adjustment 
* Integral hopper for lead shot 
* Perspex screen to suspension system 


\ ‘Dummy-Bloom’ calibrated by the 
British Gelatine & Glue _ Research 
Association is supplied with each 
instrument to facilitate the setting 


and adjustment of the Gelometer. 


Interchangeable plungers to A.O.A.C. 


& European specifications availab’e. 


Gelometer with ‘Dummy-Bloom’ 
$28-552—£175. 0. 0. 


GRIFFIN & GEORGE 
[SALES] LIMITED 


Ealing Road - Alperton - Wembley - Middlesex Phone: Perivale 3344 
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APPOINTMENTS VACANT 


UNIVERSITY COLLEGE, DUBLIN 
RESEARCH FELLOWSHIPS 
Applications are invited for 1.C.1. Research 
Fellowships in Biochemistry, Chemistry or Physics 
to which some appointments may be made during 
the current academic year The appointments wil! 
late from October 1, 1961 (or earlier in the case 
of a selected candidate who may be available be 
fore that date) and will be for one year in the 
first instance; the maximum period of appoint- 
nem is three years Ihe salary will depend upon 
qualifications and experience and will normally be 
within the range £800 to £1,100 per annum 
together with family allowances 
Applicants should hold a Ph.D. or have equiva- 
em research experience Applications (three 
opies ; from overseas one will suffice) should give 
age particulars of training, qualifications, research 
and other relative experience, a list of publications 
an outline of the proposed ficld of research, and 
the names of two referees Applications will be 
accepted up to March 7, 1961, by the undersigned 
from whom a form (of which the use is optional) 
and other particulars may be obtained 
J. J. HOGAN, 
Registrar 


UNIVERSITY OF NEW ENGLAND 
ARMIDALE, NEW SOUTH WALES 
DEMONSTRATOR IN AGRONOMY 

Applications are invited for the above-mentioned 
position in the Department of Agronomy within 
the Faculty of Rural Science The appointee will 
he required to demonstrate to laboratory classes in 

Plant Physiology and Soil Science and to assist 

with field work. Applicants should have a degree 

n science or agricultural science and will be 

expected to study for a higher deerce In this 

reward, tuition fees will be remitted for any course 
indertaken The commencing wage will be fixed 
according to qualifications and experience, within 
me of the three grades of Demonstrators —Gradc 
|. £A.1,120 by £4.60 to £A.1,360 per annum ; 

Grade 2. £A.1,320 by £A.80 w £A.1,560 per 

annum ; Grade 3, £A.1.560 by £A.80 to £A4.1,720 

per annum. In addition, a cost of living allow- 
snee at present amounting to £A.29, is payabic 

Applications should include age, marital status 
academic qualifications and the names of two 
people to whom reference may be made Apph- 
ants outside Australia and New Zealand should 
forward their applications to the Secretary, Asso- 
iation of Universities of the British Common- 
wealth, % Gordon Square, London, W.C.1, by 

February 15, 1961 An additional copy should 

be sent by air mail to the Registrar, University 

New England, Armidalc, N.S.W., Australia, to 

each him by the same date Applications from 

within Australia and New Zealand, should be 
forwarded directly to the Registrar by this date 


IMPERIAL COLLEGE OF SCIENCE 
AND TECHNOLOGY 

Applications are invited from Physicists for a 
tcetureship in the Department of Meteorology 
Previous knowledge of meteorology not essential 
but interest in observational science desirable. The 
Department is primarily postgraduate and research 
facilities are good. Current experimental research 
s mainly in atmospheric turbulence, cloud physics 
and atmospheric infra-red spectrometry, and the 
person appointed would be expected to work 
nitially in one of these ficlds or in atmospheric 
exploration using rockets and satellites Salary 

sle £1,050 to €1.850 per annum plus £60 London 
iiowance and family allowances, commencing 
slary depending upon experience 

Applications, wth academic record, statement 
f research exoecrience and interests. and names 
f two referces. should be sent to Professor of 
Metcorolocy Impcrial College of Science and 
Technolory, London, S.W.7, not later than Febru- 
ary 20, 1961 


QUEEN MARY COLLEGE 
(UNIVERSITY OF LONDON) 

Applications are invited for the post of Lecturer 
mn Acronautical Eneineering tenable from October 
1. 1961 The Lecturer will be required to assist 
n the teachine of Acrodynamics or Aircraft Struc 
tures and in the development of new cquipment 
for laboratories now under construction He will 
be encoura i to ursuc his research interests 
Salary scale £1,050 by £50 to £1,400 by £75 to 
£1,550 (efficiency bar): by £75 to £1,850, plus 
London allowance of £60. F.S.S.U. participation 
and family allowance of £50 for each child. Initial 
alary according to qualifications and experience 

Application forms, obtainable from the Rezgis- 
trar, Queen Mary Collere, Mile End Road, E.! 
ro be returned by February 20 
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ATOMIC ENERGY RESEARCH ESTABLISHMENT 
HARWELL invites 


PHYSICISTS and 
PHYSICAL CHEMISTS 


to take part im important research projects now being undertaken by 
Health Physics Division 


PHYSICISTS are required for the following RESEARCH POSIS 


Pow “A.” To study the nature of natural and artificially produced particic> 
in the atmosphere, and to develop new methods of observation and measure 
ment The work involves the application of classical physics, and techniques 
such as electron microscopy, gamma spectrometry, and the use of radioactive 
tracers 


Post “B.” Jo devise techniques for the experimental measurements of 
neutron flux and the spectral distribution of neutrons from reactors, particle 
sceelerators and similar installations Liaison with other branches of the 
U.K.A.E.A,. and with universities will form part of the work 


Post “C.” To join a small team working on the identification, localizatios 
and «measurement radioactivity in the human body, using gamma-ray 
spectrometry 


Post “D.” To advise on the scientific aspects of the Health Physics service 
provided in scientific divisions To direct the work of a small team o} 
experimentalists and undertaking longer term and fundamental investigation-~ 
wrising from the work of Health Physicists 


PHYSICAL CHEMISTS are required for the following RESEARCH POSITS 


Post “E.” To study gas-solid interaction in aerosols, and gas-phase reaction 
st extremely low concentrations, involving the use of radioactive tracers and 
vacuum technique A particular problem is the chemistry of both natural 
and radioactive iodine in the atmosphere, and its adsorption on sub-micron 
particles 


Post “ lo undertake laboratory physicochemical studies on the uptake ot 
radio-nuclides by soil fractions and to assist in related field experiments, wit! 
particular reference to the fate of radioactive materials discharged to rivers 


Applicants should have at least a good second-class honours degree. Experiencs 
in handling radioactive material or measuring radioactivity would be an 
advantage. For appointment to the Senior Scientific Officer gerade appropriak 
research experience required 


STARTING SALARY 
According to age and experience within the following ranges : 


Scientific Officer £755 —€1,250 per annum. 
Senior Scientific Officer £1,365— £1.675 per annum. 


Housing and superannuation schemes Send POST CARD 
Personnel Manager, (1836 UK AEA, AER Harwe 


PHYSICIST WITH ELECTRONIC, AND/OR SENIOR TECHNICIAN IT REQUIRED FOR 
instrument experience, and preferably at least | work in Bacteriological Division at Connaught 
honours degree, required for fundamental and | Hospital, Walthamstow 17 Whitley Counci 
applied research in a growing Organization con- salary and conditions Apply in writing, statins 
cerned with building materiais.——Write for form | age. qualifications, experience and the names of 
of application to Box No. 937, T. G. Scot and | two referees. to Secretary, Forest Group HMC 
Son, Ltd., 1 Clement's Inn, London. W.C.2 Lanathorne Road 1 
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COLLEGE OF AERONAUTICS 
SENIOR LECTURER OR LECTURER IN 
WELDING TECHNOLOGY 
\ Senior Lecturer or Lecturer is required in 
Department of Matcrials to undertake the 
Organization of a new postgraduate onc- 
in Welding Technology, which will 
October, 1961 The person ap- 
pointed will be responsible for the major part 
f the teaching, but will be supported by the 
xisting lecturing staff in metallurgy, in design 
ind in production The course will cover both 
the metallurgical and the cngincering aspects of 
sclding and is aimed at producing specialists 
nm the subject for appointments in those indus- 
where welding is now of maior 


the 
detailed 
year course 

mmence in 


importance 


nes 


Candidates will need to have high academic 
qualifications, preferably in metallurgy, coupled 
with practical experience of the techniques and 
the engineering utilization of welding The 
salary scales are: Senior Lecturer, £1,900 by £75 
to £2,425 per annum; Lecturer, £1,050 by £50 
to £1,400 by £75 to £1,850 per annum with 
superannuation under F.S.S.U. and tamily allow- 
ince. The commencing salary within the pre- 
scribed scale will depend upon age, qualifications 


and experience, Consideration given to housing 
requirements 

Applications, giving full particulars. and the 
names and addresses of three referees, should be 
torwarded to the Recorder, The College of Aero- 
sautics, Cranfield, Bletchley, Bucks Further 


particulars available. 


UNIVERSITY COLLEGE OF 
RHODESIA AND NYASALAND 


Applications are invited for a number of Re- 
arch Fellowships in Departments of Botany 
and Agriculture Salary scales: (A) Junior Re- 
search Fellow, £750 by £50 to £1,000 per annum 
(B) Research Fellow, £1,200 £50 to £1,400 
per annum. (C) Senior Research Fellow, £1,500 
hy £50 to £1,700 per annum. (1) Plant Pathology 
(a) One in scale C in plant virology to investigate 
miant virus disease prob'ems currently important 
n Central Africa. (b) Two in scale A in plant 
pathology to investigate fundamental problems 
in the pathology of major crops (excluding 

bacco (2) Soil Microbiology Two in scales 
A, B. or C: one for non-symbiotic. the other 
tor symbiotic nitrogen fixation studies. (3) Pas- 
ture Ecology. Two in scales A. B, or C: one in 
agrostology on establishment of grasses in 
pastures, and one in plant ecology on tmprove- 
and maintenance pastures. (4) Animal 
One in scale B or C, on rumen micro- 
weanisms and flow nutritional environmem of 
ruminants Applicants must have good honours 
legrees and for appointment to the higher scales 
onsiderable research experience is required 
Superannuation and Medical Aid Schemes. Re- 
umn passage to Salisbury for appointee. Housing 
allowance of £100 per annum, if unfurnished 
accommodation at 15 per cent of salary is not 
provided 

Detailed applications (six copies). 
referees, Dy February 28, 1961. to Secretary 
Inter-University Counci! for Higher Education 
Overseas, 29 Woburn Square, London, Cc 
from whom further particulars may be obtained 


RADIO AND UPPER 
ATMOSPHERE RESEARCH 


Physicists, Engineers and Mathematicians re- 
quired by DSR. at Radio Research Station. 
Ditton Park, S'oueh, as Scientific Officers or 
Senior Scientific Officers to investigate the upper 
atmosphere and the space between the earth and 
sun, with particular reference to the propagation 
of radio waves through those regions, and asso- 
ciated problems of terrestrial and space com- 
munications Work concerned with experiments 
on ground, and in rockets and satellites On 
experimental side it involves the design and use 
of surtable radio equipment including low noise 
amplifiers for use with radio telescope ; research 
ym cosmic rays, vacuum physics, and spectro- 
scopy For theoretical studies knowledge of 
magnetohydrodynamics or of plasma physics will 
be useful. Digital computer is available for the 
study of orbits of artificial satellites Qualifica- 
tions : first- or second-honours degree or equiva- 
lent in physics, electrical engineering, or mathe- 
matics, with at least three years postgraduate 
experience for Senior Scientific Officer grade 
Salary ranees Scientific Officer. £690 to £1.144 
Senior Scientific Officer, £1.250 to £1,540. Nor- 
mal promotion prospects to Principal! Scientific 
Officer in the mid-thirties (range of £1,600 to 
£2.275) 

Forms from Ministry of Labour, Technical 
and Scientific Register (K), 26 King Street, 
London, S$.W.1, quoting A. S81 'OA 


by 


ot 


naming three 


Applications are 
Observer 
honours doeree in 


Assistant 
good 
astronomy, 
astrophysics 
vicw 


to £1,400 by 


NATURE 


PERSONNEL ADMINISTRATION LIMITED 


MANAGEMENT CONSULTANTS 


AUSTRALIAN WOOL BUREAU 


Technical Manager 


The Bureau has recently set up in Melbourne a department to 
encourage and hasten the introduction of new technical develop- 


ments and processes in the industry. 


The Technical Manager, 


who must be a University qualified scientist with woo! manu 
facturing experience, will be required 


(a 


to evaluate scientific developments for wool and to assist 


manufacturers to introduce them, 


to maintain contact with wool research workers in Australia 


and overseas in order to keep the Bureau informed of 
research progress, 


to collaborate with wool scientific workers in determining 


which aspects of wool research should receive major 
emphasis, 


(d) 


ment. 


to train and manage the staff of the Technical 


to provide a technical information service to the Bureav 
aad manufacturers, 


Depart. 


Salary will be up to £4.4,000; removal expenses to Melbourne 
for appointee and his family ; generous superannuation benefits. 


(Ref. 1541/NA) 


The identities of candidates will not be revealed to our 
clients without prior permission. Applicants should forward 
brief details, quoting the reference number, to: 


PERSONNEL ADMINISTRATION LIMITED, 
Appointments Division, 2, Albert Gate, London, S.W.1 


Regional Offices 


OBSERVATORIES 
invited tor a4 
Candidates 
mathemat 
experience 
supends 


some 
University 


and 


£75 two £1,800 A su 


should 


BIRMINGHAM 


post of 


phy 
ot resea 
are 


cs, 


tably qt 


UNIVERSITY OF CAMBRIDGE 


Semior 


have a 


sics OF 
rch in 


under re- 
The expected salary scale is £1,050 by £50 


ralified 


candidate may be given some scniority on appoint- 


ment FS 


S.U Children’s 


allowance 


250 


per 


child under 16 or receiving full-tume education 


Applications, 


hould b 


Madingicy Road, Cambridge 


particulars 
February 15 


names of 
Director 
from 
obtained 


with the 
sent to th 


may be 


three re 
Obsery 
whom 
Closing 


ferees, 

atories 

turther 
date 


UNIVERSITY OF CAMBRIDGE 


OBSERVATORIES 


Applications are invited for a post of Technical 


Officer 


Candidates 


should have 


a deez 


ree m 


physics or engineering and good practical know- 


ledee of electronics 
electric photometry by 
Proposed salary scale 
Children’s allowances £50 per c 
referees 


PSS.U 


Applications 


hould be 


particulars 
February 15 


Duties 


with the names of 
sent to the Director, 


may be obtained 


three 


research into photo- 
pulse counting techniques 
£1,050 by £50 to £1,400; 


hild 


Observatories 
Madingley Road, Cambridge, from whom further 


Closing 


date 


GLASGOW 


MANCHESTER 
LEEDS 


BRISTOL 


DUBLIN NI WCOASTLE 


UNIVERSITY OF LEEDS 
SCHOOL OF CHEMISTRY 

Applications are invited for appointment as 
Assistant Lecturer in Physical Chemistry at «a 
salary within the range £800 to £950 a year 
according to age, qualifications and experience 
Preference will be given to candidates skilled in 
Or possessing a knowledge of mass spectrometry 
as applied to chemical probiems 

Applications (three copics), stating date of birth 
qualifications and experience, together with th 
names of three referees, should reach the Reeistrar 
The University, Leeds, 2 (from whom further 
particulars may be obtained) not later than Febru- 
ary 14, 1961 


McMASTER UNIVERSITY 
GRADUATE ASSISTANTSHIPS IN 
CHEMISTRY 

Applications are invited for Assistantships from 
persons qualified to pursue M.Sc. and Ph.D. work 
in Chemistry. Assistantships carry a yearly stipend 
of $2,200 to $2,800 and require civht to twelve 
hours per week of assisting from September to 
April only The Department has excellent re- 
search facilities and provides opportunities for re 
search in most branches of chemistry 

Further information concerning assistantships 
scholarships and research in procress in the De- 
partment may be obtained from D. B. MacLean 
Chairman, Department of Chemistry, McMaster 
University. Hamilton, Ontario, Canada 
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XX NATURE 


AUSTRALIA 


COMMONWEALTH SCIENTIFIC AND INDUSTRIAL 
RESEARCH ORGANIZATION 


FELLOWSHIP IN SURFACE CHEMISTRY 


(No. 370/136) 


The Organization's Division of Tribophysics located at Melbourne University, Park- 
ille, Victoria, invites applications for a Fellowship in Surface Chemistry from Honours 


rraduates in 
group is concerned with the way in 


Chemistry with postgraduate research experience The surface chemistry 
which the state of a solid surface affects its 


hemical properties such as absorption, and catalysis Other research groups have 
xtensive experience in Crystal defects and their relationship to physical properties and 
similar ideas are being applied to the chemical behaviour of solid surfaces 

Salary Dependent on qualifications and expenence, commencing salary » be not 
ss than £A.1.620 up to a maximum of £4.2,26% per annum 

The Fellowship will be initially for a period of three years 

«No. 750/188) 

The Organization's Division of Metrology, National Standards Laboratory. Sydney. 
nvites applications from Honours graduates in Engineering or Science, with Physics 
Samaofr su post-graduate n onc the und menmioned fi Js 

As one of the three Divisions comprising the National Standards Laboratory, it is 
oncerned with the maintenance of standards for ngth, mass, and related matters 
The appointee must be spable of initiating research into, and development f, new 
ind improved measurir techniques and equipment 1 engineering metr Ry particu 
larly in large scale metrology, dynamic metrology, and gears and gear-cutting equipment 


Salary Dependent on qualifications and experience within the ranges: £4 1,510 & 


£A 2,265 pe annum, or £A 2.395 to £A.2,720 per annum 
Salary for women will be £A 180 per nnum less than corresponding rates 
Promotion within C.S.1.R.O. is by merit and may ultimately go beyond the 
mit of the range within which the oriegir ippointmMent is made 
Fares paid Further details of conditions, etc., supplied on application to 


Mr. E. J. Drake. Chief Scientific Liaison Officer, Australian Scientific Liaison Office 


Africa House, Kingsway, London, W.C.2 


to whom app ations (qu ne relevar 


Appoimiment number) should be addressed 


SCIENTIFIC OFFICER FOR INDIA 


This 4 new and important appointment for an Indian subject in a major Indian 
Company The selected candidate should have obtained a university degree with 
honours, preferaty a first in chemistry, and have had about ten years’ research and 
industrial experience in physical chemistry Som«e f this experience should ha been 
n the United Kinadom or the U.S.A 
The duties will include 

nt 


Liaison with the Research and Development work onducted t the Pare 
Company in the United Kingdom 


Studying new industrial developments which may be relevant to the operat: 


f the Indian C€ npany Advising on the scentific standards of the Company's 
Laboratoric n India 
touch with Indiz scientific establishments 
b jd ed to Box 945, T. G Scort and Son, Ltd... | ¢ r In 
7 


January 28, 1961 


MEDICAL RESEARCH COUNCII 
WORLD HEALTH ORGANIZATION 
NDIAN GOVERNMENT 
TUBERCULOSIS CHEMOTHERAPY CENTRE 


MA 
VACANCY FOR A BACTERIOLOGISI 

The Medical Research Council, on behalf of the 
World Health Organization, wish to fill a vacancy 
for a Bactcriologist at the Centre, in the Autumn 
of 1961. The Centre, for which the Council nave 
scientific responsibility, was started in 1956, and is 
in a fully productive state of research develop 
ment; a number of reports have been published 
or are in the press. It has a well-equipped labora- 
tory, occupied in the bacteriological diagnosis of 
tuberculosis, the culture and identification of acid- 
fast organisms, and the investigation of bacterial 
sensitivity to the drugs under study A variety of 
other research programmes is in operation The 
successful candidate will be expected to participat 
fully in the planning and execution of the research 
programmes, and the drafting of reports He 
must be prepared to do some posteraduate train 
ing. Medical qualification or university degree in 
bacteriology is required with experience of 
running a laboratory and particular experience in 
tuberculosis work The successful candidate must 
have initiative and the energy to work under 
tropical conditions He will be working in close 
co-operation with Indian colleagues The suc 
cessful candidate will be emploved by W.H.O. by 

mtract for two years, possibly extendable. Salary 
$7.300 per year income tax-free under the usua 
W.H.O. arrangements, p'us assienment allowanc: 
($950 per year without dependants and $1,200 per 
vear with dependants), post adjustment allowanc 
($270 per year without and $400 per year with 
dependants), dependant’s allowance ($200 per vear 


for a wite, $300 per year for a child) and various 


ther installation allowances, educational erants 
and = servic benefit on termination (8 per cent of 
salary per yea a! Firs ASS air pas 
sages for su ssfu dependants tu 


1961 will prob 
London It may be possible to 
secondment of the successful candidate if he is at 
present employed by the National Health Service 
w the Medical Research Coun Indian 
Nationals are incleible for this post under 
W.H.O. regulations 

Applications (two copies), giving age, qualitica 


tions, details of experience and the names of 
three professional referees, should be sent to the 
Secretary (A.D.5), Medical Research Council, 38 


Old Queen Street. Westminster. London, S.W.1 
aS soon as possible Candidates placed on the 
short list will be asked to fill up World Health 
Organization questionnaires 


NEW ZEALAND 
AGRICULTURE DEPARTMENT 


Applications are invited for the thoned 
vacancy No 12 Scientific Levin 
Agriculture Department, New 7 an Duties 
Study the water requirements of horticulture crops 
and the cquipment nethods and times of water 
application To initiate and assist in urying out 
experimental work associated with th rrigation 


of crops There will also be an opportunity to 
take an interest in the methods and economics of 
glasshouse heating Qualificatx desired A de 
yree m= science or agricultural science Some cx 
pertence of horticultural production an advantage 
Salary up to £1,120 fent upon quali 


fications and experience Promotion above £1,120 
on. scientifi merit An outstanding officer 
could rise to £2.025 a year Passages: Stearecr 


fares of up t t165 each for the appointee and 
his wite, and pro rata for depend 
will be paid Incidental expenses: Up to £35 for 
a sinele person and £100 for a married man can 
be claimed to cover the cost of taking personal 
effects to New Zealand 

Inquiries Quoting reference number Bll /2 40 
should be addressed to the High Commissioner for 
New Zealand, 415 Strand, London, W.C.2, who 
will furnish further details and application forms 
Completed applications to be lodged with thi 
office not later than March 3, 1961 


RESEARCH WORKER. RIOCHEMIST OR 
hemical pharmaco'ogist, preferably with Ph.D 


cQuivalent experience, required to invesugate 
the biochemical actions of drugs current!y used in 
he treatment of men‘al Sp 


employed The 
ynjunction with 


metric methods of 
work will be car 
inical studies on 


experience Ap 
es, to Director 
Dumfric 
yhtained 


: 
mer 
on 
by March 4, 1961 is 
| 
| : 3 
nA 
| 
| 
| 
| 
| 
| 
— 
ed out in 2 
therapeutic act ur 
appoint t, commencing salary £8 100 one. 
depending on qualifications and seat 
| plications, with names of two ref s:: am 
of Clinical Research, Crichton | 
Fy 


January 28, 1961 


POSTDOCTORATE FELLOWSHIPS 


IN CHEMISTRY 

The Research Council of Alberta, with labora- 
tories adjacent to the campus of the University of 
Alberta, intends to award three fellowships for 
fundamental research in chemistry Applicants 
hould have, or expect to have, a Ph.D. or 
equivalent degree before taking up the award 
There are no restrictions regarding nationality of 
ipplicants but candidates must mect Canadian 
mmigration requirements Fellowships will be 
awarded on a one-year basis with a maximum 
tenure of two years Appointments may be taken 
p at any time during the year, but spring or early 
summer is preferred The annual stipend of 
$4,000 for sinele, and $5,000 for marricd male 
tellows is income tax free A travel allowance 
will also be provided Fellowships are available 
1 the following fields: Sorpuon and Catalysis on 
Alumino-Silicates ; Studies on Free Radicals pro- 
tuced by Sinele Electron Oxidation-Reduction 
Processes using E.P.R. techniques: Kinetic Iso- 
pe Effects in Gas Phase Reactions; Photw- 
hemustry 

Inquiries and a brief statement of interests and 
xperience should be addressed to the Secretary. 
Research Council of Alberta, Edmonton, Alberta 


UNIVERSITY OF ST. ANDREWS 
ations are invited the following posts 
Department Queen's College, 
1961 
in Botany or 
with posteraduate research 
nterest in 


the 


050 by 
+1850 

Assis 
Agricultural 

interest 


Honours cere in Botany or 
with training in Plant Path 
Diseases desirable 

£950 Three years 

of fourth and fina 


intshp 
Botany 


Famil Allowance 

n each case (six cop with names 
t indernote rom whom 

not jater 


s. to th 


CUMMING 
Court. 


PATRICK 
Clerk the University 
tear. 


« 


TECHNICAL COLLEGE AND 
SCHOOL OF ART 
MARKET ROAD. CHELMSFORD 
in Chemistry required 

1961. capabl f 

and H.N.C 
preferably 


MID-ESSEX 


ral) degree 
Applicants should be eraduates 
teaching experienc 
ind for industrial be 
tage Anp! the 
hemistry for 
Salary 


ants 
which the 
rising 
for training and graduate qualifi- 
wdance with the Burnham Further 
1959). The mmencing salary 
» War national service, pres 
nce ine and ‘or industry or research 
Details and forms from the lerk to the 
rors at th Collec to whom completed 
forms rd be as soon as possib'« 
THE SCIENTIFIC CIVIL SERVICE NEEDS 
nen and women for pensionable posts as 
Officers 
ma 
Engin 


ematics 


scale 
additions 


m acc 


(rove 


shor returned 


and 


h in the anplicatior 
Physical 
in high polymer 
ch Group for Sc'entists 
eralogist to work on 
sound knowledge of 
Physics preferred), and Zoologists to spe alize in 
he taxonomy of t Porifera Qual ific ns 
Normally a degree, or a Diploma in ORV 
honours in science 
equivalent attain- 
least three years’ 
relevant postgraduat Normal ave 
mits: (a) between ar 2. (bh) between 21 
ind 29, with ext! 
e and Over vil 3 c Sclection 
nterview. I £1.382 to £1,704, 
(b> £759 to £1,258, provisi for starting 
minimum Promotion prospects Write 
Civil Service Commission, 17 North Audley Street, 
London. W.1, for application form, quoting (a) 
8/53/61, (b) 8/52/61. 


too!'s 


p'ines 
(Petrologist 


rites 


yndon 


above 


OPERATIONAL RESEARCH LEADER 


Research 
research 


wanted for the Company's Team 
the 


lectronic 


An enterprising leader is Operational 
Radar Limited 
f 


to the conduct of a 


Decea recognizes substantial contribution operational can 


mak« lara business, particularly one which is exploring 


he frontiers of technology 


highly qualified er 


Development 


aduates work in close | 
Their 


problems —for 


team of nin aison with 
Research 


of radar 


enced 
Radar 


range 


An exper 


the Decca and Laboratories work embraces a 


very systems and data handling example 


app'icat 


navigational 


defence, air traffic control and airborne 


being 


n of automation techniques to air 


systems Considerable pioneer work done on automation of 


radar data processing involving highly advanced meth of real-time computer contro 


should have a sound know mathematic a good grasp 


team of 


ospective leader 


ngineering and operational research methods flair w guiding a 


towards practical pr 


He be 


es concerned wit 


expected to extenc I ent \ so give a decis 
marine navigat 
acking 

This is a 


part with one of the 


first<lass opportun f a man of suitable calibr 


leading electronic 


world’s 


Applications should be made direct to the Managing Director, DECCA RADAR 


LIMITED, Albert Embankment, London, §.F.11. 


Senior Biological and 
Research Positions 


with the 


CANADIAN DEPARTMENT OF AGRICULTURE 


SALARIES : $8,120 to $11,200 PER ANNUM 
research 
yrmation 


and px 


in quantitative 
needed tor 
uitry. 


ANIMAL GENETICIST undertak 
ultimate objective of obtainir basic int 
nheritance economic traits in livestock 


FOREST BIOLOGIST 
vise research in nursery stock, 
QUANTITATIVE GENETICIST —Mathematician 
nto methods appropriate for dealing with problems 
are invited 
experic and appr 

tion, experience, 
ence 61-2201 should be 


Plamt or Forest Pathologist to design, conduct, super 


diseases of forest 
ondu 
genetics 


or Statistician to 
in quantitative 

ductive research 
Details of 


Refer 


from persons with a 
Priate training to th 
publications and 

quoted Direct 


number of years of pr 
Ph.D. level or equivalent 
research projects should be attached. 
inquiries to 


Inquir 


CIVIL SERVICE COMMISSION OF CANADA, OTTAWA, ONTARIO. 


Attention Functional Division 


HEAD OF DEPARTMENT Of 


SCIENCE 

| Required at Cambridgeshire 
}and School of Art on September 1, 1961. The 
Department provides full-time ind part-time 

courses up to Final Deeree standard in Mathe 

matics, Physics. Chemistry, Botany, Zoology and 

Candidates shou'd have good academic 
qualifications in science Teaching, industria! and 
experience are also very desirable 
without these qualifications who 


UNITED KINGDOM TECHNICAL | 
ASSISTANCE | 
are invited for an appointment as 
Standardization of Veterinary bio- 
Pakistan Animal Husbandry Insti- 
Pakistan Applicant must have 
years practical experience of 
biologicals in Government | Geology 
particular'y d with pro- 
ducts required for the contro! of Rind st. | administrative 
Hacmorrhagic Septicaemia, Anthrax, Newcastle | but candidates 
Black Quarter. etc Age about 40 years One appear suitable will be considered Grade IN 
year contract in first instance. Salary £2,500 per | Head of Department salary scale £1,950 by 
annum, plus gencrous tax free al] to £2,100 
For turther information and appl tio I part 


Applications Technical Colles: 
expert in th 

logicals at the 
tute, Peshawar 
had at 
standardization of 
Institute or a firm 


least 10 


ulars and f ation from 
Cambridgeshire Technical College 


Collier Road, Cambridec 


. part rms of apn 
write to M nistry of Labour (£.9) the Principal, 


London, S'W.1, quoting E9/TCS/PAK land School of Art 
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LINCOLNSHIRE RADIOTHERAPY 
CENTRE 


THE CAMEROONS DEVELOPMENT Applications are invited for the post of Physicist 


work. Experience in electronics 
requires in its recommendation The post will be in the Sen 
yal y Grade The new Physics Department is no 
RESEARCH DEPARTMENT being established at St. George's Hospital, in 
ynection with the new Radiotherapy Centre at 
Lincoln There will be good facilities for work 
Soil Scientist with modern radiotherapy cquipment, radioactis« 
sotopes and in genera! medical physics The 
Applicants should be fully qualified soil scientists having an Honours degree 1: transfer of the Lincolnshire Radiotherapy Centre 
hemistry or agricultural science, or equivalent qualifications with appropriate post from Scunthorpe to Lincoln will be completed by 
graduate training and experience preferably in tropical soils Preference will be June, 1961 The successful candidate will assist 
given to applicants with experience of soil survey work (including interpretation 0! n the transfer and the establishment of the new 
scrial photographs) and interpretation of foliar analysis emma ay} salary is according to th 
This post offers considerable scope for interesting work and for personal advance 
ment The Corporation has large estates in the Southern Cameroons, the main crops Applications ovine detai s of qualifications and 
being oi! palms, rubber, cocoa, bananas and tca Candidates should be between together the of two 
the ages of 25 and %5 years Tours will normally be of approximately 18 months referees, should be addressed to the Group Secre 
; tary, Lincoln No. 1 Hospital Management Com 
with liberal leave on full pay. Free passages are provided to and from the Cameroons malsece. County Hossital. Lincoln. from whom 
for officers and their families, together with free furnished accommodation during 
residence in the Cameroons A reasonable amount of free lighting and fuci is also urther particulars can be obtained 
provided, and necessary transport An ourfit allowance of £80 is payable on first oo - = . " 
appointment ; children’s allowances are payable up to a maximum of two at the rat LEEDS REGIONAL HOSPITAI 
of £75 cach Officers are required to contribute 10 per cent of their salary w « BOARD 
> 
Provident Fund, the Corporation contributing 15 per cent REGIONAL PHYSICS UNIT 


Applicants should send personal particulars to the Applications are invited for the appointment ot 


Per.oanel Officer, Colonial Development Corporation, a Hospital Physicist for duties with the Regiona! 
Physics Unit whose Headquarters are at Cook 


33 Hill Street, Loadon, W.1, quoting Serial No. 459. ridge Hospital, Leeds. The post wil! be cither i 
the basic or senior grade according to experience 
The work is mainiy concerned with the treatment 
of disease by High Energy Units but opportunities 
also exist for work with radioisotopes and co 
Operation with medical staff on other physical 
problems Candidates shou'd possess an appro- 
Al priate honours degree and for appointment to th 
CHIET PHYSICIS7 Basic Grade need have had no previous experi 
ence but for the Senior Grade not less than five 

years’ experience as a Hospital Physicist is re 
required by Cambridge Instrument Co. Lid., due to expansion of the Physcs Section of quired. New entrants in the Basic Grade will tc 


the Research Department, housed in well-equipped modern Laboratories in the pleasant required to undergo a probationary period of at 
least two years. Salary scales: Basic Grade Pro 


University City of Cambridge bationary, £730 to £925 per annum, Post-proba 
tionary, £925 to £1,150 per annum. Senior Gradk 
THE MAN He will be a mature and experienced Physicist with a £1,250 to £1,700 per annum 
broad base of classical physics and some industrial experi- Applications, stating age, qualifications, experi 
ence and details of present and previous appoint 
ence, tather than a specialist in any one ficld. Ph.D ments, toecther with dates and the names and 
desirable, but this does not preclude from consideration addresses of two referees, to the Secretary, Park 
the man with a good honours degree and appropriate Parade, Harrogate, by not later than February & 


1961 

expericnce 

SOUTH-EAST ESSEX TECHNICAI 

THE JOB Responsibility for administration of the Physics Labora- COLLEGE AND SCHOOL OF ART 
tory, which will have sections led by Senior Physicists with LONGBRIDGE ROAD. DAGENHAM 
Graduates and non-Graduate Assistants working on classical Required as soon as possible: Grade “B 

1s Assistant Lecturer in Chemistry to specialize in 

¥ one branch of chemistry to Grad.R.1.C. and B.Sc 

eutadle X-ray microanalysis General standard. Applicants should have a good 

honours degree or equivalent, with some teaching 

SALARY & The prime factor is finding the meht man who can ind /or industrial experience, and an interest in 
expect the usual benefits; a very adequate salary, with research. Salary within scale £700 to £1,150 per 

PROSPECTS . innum, depending on previous experience. Addi 
excellen’ opportunities and Company backing to develop tions to scale for training and graduate qualifica 
his owa particular interests in the broadest fields of physics tons if in accordance with Burnham Further 

Education Report conditions. London Allowanc: 

vf £38 or £51 per annum also payable Incre 

ments within the scale will be al’owed for pre 

Write in confidence, giving details of age. experience and qualifications to vious relevant experience and war service. 

. Details and application forms from the Clerk & 
Dr. VM. C. Marsh, he Governors at the College 
'AMB DGE IN RUMENT C T NATIONAL INSTITUTE FOR 

CAMBRIDGE INSTRUMENT CO. LTD. ATIONAL INSTITUTE FO 

CHESTERTON ROAD CAMBRIDGE (UNIVERSITY OF READING) 

A post is available for a physiologist or 7% 
lovist, with interests and experience in the field 
of mammalian reproduction. in a smal! unit in 
vestigating the biochemical and physiological 
RESEARCH FELLOWSHIPS MANCHESTER COLLEGE OF properties of — 

G years) in 7 SCIE NC E AND rEC HNOI OGY nvolve a study, in co-operation with two bio 
GOVERNMENT SCIENTIFIC (Faculty of Technology in the University of hemical colleagues, of the metabol’sm. motility 
ESTABLISHMENTS Manchester) ind fertility of spermatozoa in cervical mucus and 
Value £1,275 to £1,575 per annum (Senior), and Applications are invited for two Assistant Lec- » fractions which can be separated from it. Good 
4875 to €1,175 per annum Uunior). A very wide | tureships in Biochemistry in the College with | -esearch facilitics are available and the post offers 
range of topics, especially in the Physical Sciences ; orresponding title and status in the University of | 1 attractive opportunity for a scientist who wishes 
also several vacancies in various branches of Bio- | Manchester Research interests in the Depart- | to work in a field bearine on this hienly signifi 
logy Qualifications: Normally first- or second- | ment of Biochemistry, which has recently been ant problem. The candidate wil! be expected to 
class honours deeree ; evidence of hieh standard of | reorganized, cover various aspects of animal, plant nitiate and carry out work on the physiological! 
sbilitv in research; and at least two years’ post- | and microbiological biochemistry. Salary in the | side of the investigation. Applicants should have 
graduate research experience (three years for] scale €800 by £50 to £950 with F.S.S.U. and | 1 vood deeree in zoology or physiology preferably 
Senior Fellowships) Those completing these | family allowances with Ph.D Appointment would be for three 
experience in 1961 may apply Further particulars and application form may | years in the first instance. salary in accordance 
* o'vained from the Registrar, the Manchester | with experience and qualifications 
Applications to the Secretary, National Institute 
Shinficld, Reading 


physics, clectronics, process control, and if experience 


} ousing assistance for the successful candidate if required 


periods of 
FSsst 
Write Civil Service Commission, 17 North] College of Science and Technology, Manchester. 
Audley Street, London, W.1, for application] |. to whom completed applications should be | for Research in Dairying, 
form, quoting $/5244/61. eturned by Saturday, February 25, 1961 Berks, quoting ref. 61/2 
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CIVIL ENGINEERS FOR 
DEPARTMENT OF MAIN ROADS 
NEW SOUTH WALES, AUSTRALIA 
Applications are invited from graduates (or 
undergraduates in their final year) in Civil Engin- 
eering of a recognized British or Irish university 
for appointment to the staff of the Department 
of Main Roads, New South Wales, the State 
Road Authority for construction of roads and 
bridges On appointment applicants may be 
engaged at the Department's Head Office, Sydney, 
on the design of reinforced concrete and steel 
bridges, or on main road constructions and 
maintenance either in the Metropolitan Area or 
the country Commencing salary according to 
qualifications and experience will be within the 
range £41,325 to £A.1,650 per annum, with annual 
progression, subiect to technical competence, to 
£A.2,400 per annum Appointees will be eligible 
to contribute to the State Superannuation Fund 
after six months Appointee’s full fare from 
England to Australia will be met by the Depart- 
ment, sub ect to a three years’ service guarantee 
bond being compicted. Appointment will be sub- 
ject to passing a medical examination, and pre- 
ference will be given to applicants not more than 
years of age 
Applications 
able from the 
Wales, 56 Strand, 
No, 44/31 when 


WREXHAM, POWYS AND 
MAWDDACH HOSPITAL MANAGE- 
MENT COMMITTEE 
Applications are invited for the post of Hospital 
Biochemist (Senior Grade), to take charge of a 
newly built Department of Biochemistry at the 
Group Laboratory, Maelor General Hospital, 
Wrexham. Salary scale will be according to the 
new Whitley Council rates, i.e., £1,250 to £1,700 

per annum 
Candidates with appropriate 
experience should apply, giving full details of 
previous employment and the names of three 
referees to the undersigned by January 31, 1961 
WILLIAM JONES. 
Group Secretary 


should be made on forms obtain- 
Agent-General for New South 
London, W.C.2. Please quote 
writing 


qualifications and 


Maclor General Hospital, 
Croesnewydd Road, 
Wrexham, Denbighshire 


ROYAL 
Farnborough requires 
Electrical and Electronic Engineers 
second-class honours degree equivalent, and 
having sound fundamental background and skill 
in experimental techniques, for research in rapidly 
expanding important and challenging field of 
mertial Navigation Posts in sections concerned 
with electrical and clectronic problems of 
measurement, control, analogue and digital com- 
puting and research into new methods of 
producing an inertial space reference Salary 
range £690 to £1,540 (Scientific and Senior 
Scientific Officers), gerade and starting Salary 
according to age, qualifications and experience 
Yearly increments Unestablished posts, with 
superannuation under F.SS.1 Opportunities to 
compete if of suitable age for established post 
pensionable under the Superannuation Acts.- 
Forms from Ministry of Labour. Technical and 
Scientific Register (K). 26 King Street, London, 
S.W.1, quoting A.S79,GA 


AIRCRAFT ESTABLISHMENT 
Mechanical, 
with first- or 


hysicists and 


MATHEMATICIANS REQUIRED IN_ RE- 
search and Development Establishments, of War 
Office Feltham, Middx. Mathematical solution 
of land survey problems with aid of Pegasus 
Electronic Computer (knowledge of geodesy or 
land survey an advantage). Farnborough, Hants, 
and Shoeburyness, Essex. Statisticians (a) with 
experience in biological work, or (b) in instru- 
mentation. Sevenoaks, Kent. (a) Advanced pro- 
gramming techniques for digital and analogue com- 
puters, (b) Assessments of weapon effectiveness, 
(co) Fluid or theoretical solid mechanics Angle- 
sev. N. Wales, mathematical and statistical prob- 
lems in artillery range work; review of techni- 
ques and instruments for analysis of trials: in- 
struments and methods of recording Appoint- 
ments in grades of (i) Senior Scient’fic Officer 
£1,250 to £1,540, or (ii) Scientific Officer, £690 
to £1,144 Starting salary according to experi- 
ence Superannuation under F.SS.U.. with 
opportunities for candidates under 31 to compete 
for established (pensionable) posts First- or 
second-class honours degree required, and for 
4) minimum age 27 and at least three years post- 
graduate research experience —Forms from 
Ministry of Labour, Technical and Scientific 
Register (K), 26 King Street, London, S.W.1, 
quoting A.SS8 OA 


NATURE 


Parasitologist 


A vacancy has occurred for a qualified Parasitologist to join a research 


team in Sandwich, working on 


activities 

The post calls for a man 
Jesirably—but not 
should be experienced in 
knowledge of helminth 
‘gc range 24 to 30 


essentially 


immunity 


Conditions of service are 
non-contributory pension 
be attractive. Living areas 
Plant include the Kent coast 


will be paid and assistance 


and life 


may 


Applications are invited» they 


an 


preferably with 
with 
helminthology 
would be an advantage 


of a high 
assurance 
within reasonable distance 
and Canterbury etc 

be provided for house purchase 


interesting range of veterinary 
and 
He 
and a 
Preferred 


industrial 
a veterinary 
and 


expernence 
qualification 
anthelmintics 


standard and 
schemes 


include generous 
The salary 
of the Sandwich 
Removal expenses 


will 


should be addressed to 


THE CHIEF PERSONNEL OFFICER, 
PFIZER LIMITED, SANDWICH, KENT 


CHEMICALS PHARMACEUTICALS VACCINES 
AGRICULTURAL & WETERINARY PRODUCTS 


OLDCHURCH HOSPITAL 
ROMFORD, ESSEX 


(709 Beds) 
RADIOTHERAPY DEPARTMENT 
Senior Technician or Technician required for the 
above Department. Duties include Physics Work- 
shop, Isotope Laboratory, Radium and Mould 
Room work Instrument or Physics Workshop 
experience essenual Salary £570 to £710 per 
annum ; senior grade, £710 to £905 per annur 
would be applicable to suitably qualified person 
Applications, quoting Ref 7/39, giving full 
details, including age and experience, together with 
names of two referees and/or copy of testimonials 
to the Group Secretary, Romford H.M.C., Old- 

church Road, Romford. 


NATIONAL INSTITUTE FOR 
RESEARCH IN DAIRYING 
(UNIVERSITY OF READING) 
Honours graduate in chemistry or biochemistry 
required in Radiobiochemistry Department for 
biochemical research involving the use of radio- 
active isotopes and in particular C'* and trittum 
The appointment will be made in the grade of 
Scientific Officer (£717 to £1,222) or of Senior 
Scientific Officer (£1,302 to £1,654) at a salary 
commensurate with experience and qualifications 
F.S.S.U. Facilities exist to register for higher 

degree. 

Applications, naming two referees, to the Secre- 
tary, N.I.R.D., Shinfield, Reading Quote ref 
61/1. 


NORTHERN REGIONAL 
HOSPITAL BOARD (SCOTLAND) 
Applications are invited from Science Graduates 

for a post of Non-Medical Assistant Biochemist 
n the Board's Reeional Laboratory Service at the 
Roval Northern Infirmary. Inverness The post is 
in the basic grade and the salary during the pro- 
bationary period is £650 by £25 (2) tw £700 by 
£30 (4) to £820 by £35 (3) to £925. and after the 
probationary period £925 by £35 (2) to £995 by 
£40 (3) to £1,115 by £35 to £1,150 
Further particulars and application forms are 
»btainable from the undersigned with whom appli- 
cations should be lodged by February 13, 1961 
A. M. FRASER. MD... 
Secretary and Administrative 
Medical Officer 
Reay House 
17 Old Edinburgh Road. 
Inverness 


ADVISORY OFFICERS 
aber Brothers Limited wish to extend their 
advisory service Applications are invited from 
men with a degree qualification and a knowledgc 
of the poultry industry. Successful applicants wil! 
be responsible for the company’s advisory activitics 
in one of the sales areas and will work in 
yperation with, but independently of the sales 
supervisor Advisory officers will be in close 
contact with the head office at Mytholmroyd and 
directly responsible to the Chief Advisory Officer 
Extensive hbrary and reprint facilities are avai! 
able, also the advisory officers will be expected 
to be on good terms with all the centres of agricul- 
tural education in their arcas. These are perman- 
ent responsible positions and salaries will be paid 
accordingly 

Applications in writing to 
Officer. Research Division 
Limited, Mytholmroyd, Halitax, 


UNIVERSITY OF EXETER 

Applications are invited for an I.C.I. Research 
Fellowship in Chemistry and Physics, to which 
appointment may be made during the current 
academic year. The appointment will date from 
October 1, 1961, and will normally be made for 
three years. The salary will depend upon quali- 
fications and experience, but will be within the 
ranee £800 to £1,100 per annum, together with 
children’s allowances and membership of F.S.S.t 

Applications (six copies). with a list of publica 
tions and the names of two referees, should be« 
sent, not later than March S$, 1961, to the Secre- 
tary, from whom further particulars may be 
obtained 


Thx 


co- 


The Chief Advisory 
Thornber Brothers 
Yorkshire 


COMMONWEALTH 
AGRICULTURAL BUREAUX 
The Executive Council invites applications for 
the post of: Assistant Director, Bureau of Anima! 
Breeding and Genetics, King’s Buildings, West 
Mains Road. Edinburgh 9, Scotland. Candidates 
should have a good science degree, preferably 
with some knowledge of genetics and/or statistics 
They should also have a knowledee of at least two 
foreign languages. Salary £1,650 to £2,325 with 
provision for superannuation. Starting point de- 

pends on age. qualifications and experience 
Applications should be submitted by March 31, 
1961, to: The Secretary, Commonwealth Agricul- 
tural Bureaux, Farnham House, Farnham Royal, 
Bucks, England, from whom further particulars 
including passage regulations, can be obtained 


| 
; 
xiii 
CXX1 
} 
: 
| 
Fal 
| 
| 
ae 
| 
| 
: | THE 
| 
am 
| 
| 
ae 
— 
- 
| 
i 
3 
| 


NATURE 


January 28, 1961 


GRADI 
photo 
HN« 
organizavon 


Five-day week, 
cation 


Associated Electrical Industries Limited 


INSTRUMENTATION DIVISION 


NUCLEAR MAGNETIC 
RESONANCE 


The Scientific Apparatus Sales Department of A.E.I. Instrumen- 
tation Division require a CHEMIST or PHYSICIST for applications 
work in Nuclear Magnetic Resonance and allied techniques. This is 


interesting work 


reference S.17 to: 


in a new and expanding field. 
experience in other fields would be an advantage. 
NMR field would be given. 


Spectroscopic 
Training in the 
Please write for application form quoting 


Personnel Manager, 


'?Associated Electrical Industries (Manchester) Ltd. 
Trafford Park, Manchester, 17 


ead of 
Basic 
Research 
Group 


ATES REQUIRED, 
experience im research on 
hemistry 
research team ; 
standard for a 


also assistant 
variety of 
gat 
pension scheme 


form to the J. A. Radley 
220 Elgar Road. Reading 


PREFERABLY 


semi-conductors or allied fields to 

chemists of 
interesting in- 
ns in a rapidly expanding private research 
Good prospects for the right people 
Write tor appli- 
Research Insti- 
Berks 


THE GAS COUNCIL 


has decided to establish a new Group to undertake 
long-range research projects of potential value to the 
future development of the gas industry. Applications 
are now invited for the appointment of head of this 
Group. 

The post will afford exceptional opportunity for 
original research; the person appointed will be in 
charge of the Group, the work of which will form 
part of the Council's research programme. In origin- 
ating and carrying out projects, he will be directly 
responsible to the Research Committee of the Gas 
Council, and he will be encouraged to display origin- 
ality and initiative. 

The new Basic Research Group will be located in the 
Gas Council’s London Research Station at Fulham. 
Candidates, who should have post-graduate qualifica- 
tions, must be able to submit evidence of first-class 
ability in original research. They should have a keen 
interest in the applications of research to industry, 
and should preferably have had some industrial 
experience. The fresh outlook and drive needed to 
create and direct this group may well be found in a 
relatively young man. A salary in the region of £3,000 
p.a. is envisaged 

Further particulars of the appointment are obtainable 
from The Secretary, The Gas Council, 1, Grosvenor 
Place, London, SW1 to whom applications, which 
will be treated in the strictest confidence, should be 
sent by 24th February, 1961. 


BY 
journalist 
| tion service 
| necessarily of degree standard 

} ence not required but prefcrence 
gent person with interest in literature 
}and abstracting work in Central London 
| Time allowed for approved language study 

£540 per annum Apply in handwriting to R 
Chandler, 32 Manaton Road. London, S.E.1* 


ASSISTANT REQUIRED 
radicals 


Chemical training essential 


SCIENTIFIC 
proprictor of small commercial informa- 
but not 
Previous experi- 
given to intelli- 
research 
area 
Salary 


H 


A LENS DESIGNER 


is required by 


THE TAYLOR, TAYLOR AND HOBSON 
DIVISION OF RANK PRECISION 
INDUSTRIES LIMITED 
to work on de 


optical 
vision 


velopment of specialized 
sysicms for photography and tcle- 
The ideal applicant will have been 
responsible for some original design work in 
these fields, although less experienced appli- 
cants having qualifications will be 
considered 


suitable 


Salary offered will be commensurate with 


experience 
All applications, which will be treated in 
Strict confidence, should be addressed to 


THE TECHNICAL DIRECTOR, 
TAYLOR, TAYLOR AND HOBSON, 
STOUGHTON STREET WORKS. 
LEICESTER 


CHEMIS1 
NYASALAND 


Qualifications: Applicants must possess 
first- or good second-class honours degree 
in chemistry, or an cquivaicnt qualification 
Experience in the inorganic analytical field 
and a knowledge of geochemical techniques 
would be an advantage 


Age: 21 to 35 


Duties: To take charge of Geological 
Survey Department's chemical laboratory 
and w undertake assaying and chemical 
testing of rocks, including full silicate rock 


analyses. 


Terms: On contract for one tour of two 
to three years in the first instance with 
gratuity payable on satisfactory completion 
Salary. according to experience in the scale 
t1.145 to £1,950. Free passages Quarters 
at rental if available. Generous leave. 


Apply to Director of Recruitment 
Colonial Office, London, S.W.1, stating full 
name, age. qualifications and experience, 
and quoting BCD.105 4 04 Cl 


NOTTINGHAM UNIVERSITY 


Applications are invited for the following ap 
Pointments which will be made to the staff from 
October 1, 1961 (unless otherwise stated): Reader 
n Pharmacology (Seprember 1, 1961). Lecturer in 
Sociology. Tutor in Primary Education. Lec- 
turer in Organic Chemistry Lecturer in Food 
Science (September, 1961). Lecturer in Agriculture 
(Animal Production) QUune, 1961) Lecturers 
and Assistant Lecturers in: (a) Civil Engineering ; 
(b) Electrical Engineering. Assistant Lecturers in 
(a) French; (b) Theology; (c) Applied Mathe- 
matics ; (d) Botany. Salary scales: Reader, £1,850 
to £2,425; Lecturer, £1,050 to £1,850; Assistant 
Lecturer, £800 to £950; initial salary in each case 
according to qualifications and experience. Mem- 
bership of F.S.S.U. and children’s allowance 

Conditions of appointment and form of appli- 
cation, to be returned by February 18, from the 
Registrar 


BRITISH DRUG HOUSES LTD. HAVE 
Production Department for an 
26 to 35 years with B.Sc 
supervise some aspects of 
manufacture Knowledec 
is desirable and some 


THE 
a vacancy in their 
Organic Chemist aged 
degree or equivalent, to 
their Steroid Hormone 
of this branch of chemistry 
managerial experience will be advantageous 
Salary according to qualifications The Company 
operates a superannuation fund, life assurance and 
profit sharing schemes Applications, with ful! 
details, to: Ref. HAC/BS, Personnel Manager 
The British Drug Houses Ltd., Graham Srreet 
London, N 1 
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NEW ZEALAND 
AGRICULTURE DEPARTMENT 
Applications are invited for the undermentioned 
vacancy: No. 1262—Scientific Officer, Levin, Agri- 
culture Department, New Zealand Duties. Pest 
control problems of field and horticultural crops 
and the identification of insect pests. Methods of 
control of pests, including stored product pest, 
Particularly primary products An interest in 
taxonomy would be an advantage Qualifications 
desired A degree in science or agricultural! 
science, with zoology or agricultural zoology as a 
major subject Salary up to £1,120 a year de- 
Pendent upon qualifications and experience Pro- 
motion above £1,120 is on scientific merit An 
outstanding officer could rise to £2,025 a year 
Passages: Steamer fares of up to £165 each for 
the appointee and his wife, and pro rata for de- 
pendent children will be paid Incidental ex- 
penses: Up to £35 for a sinele person and £100 
for a married man can be claimed to cover the 

cost of taking personal effects to New Zealand 

Inquiries quoting reference B11 /2/41, should be 
addressed to the High Commissioner for New 
Zealand, 415 Strand, London, W.C.2, who will 
furnish further details and application forms 
Completed applications to be lodged with his 
office not later than March 3. 1961 


CITY OF LIVERPOOL 


EDUCATION COMMITTEE 
COLLEGE OF TECHNOLOGY 
BYROM STREET, LIVERPOOL, 3 
Principal: S. A. J. Parsons, B.Sc.(Econ.), 

. M.LProd.E.. M.B.1.M 
DEPARTMENT OF CHEMISTRY AND 
BIOLOGY 

Applications are invited from suitably qualified 
men and women for the appointment of Lecturer 
in Chemistry (full-time). Duties to commence as 
soon as possible. Salary, £1,370 by £35 to £1,550 
per annum (Burnham Technical Report). Com- 
mencing Salary may be assessed according to pre- 
vious industrial or professional experience. Appli- 
cants should have had experience in one of the 
following fields ; electron microscopy, oils and fats, 
or theoretical chemistry ; they should be prepared 
to undertake research 

Application form (returnable by February 10, 
1°61) and further particulars from H. S. Magnay, 
M.A.. Director of Education, 14 Sir Thomas 
Street. Liverpool, 1. 


THOMAS ALKER, 
Town Clerk and Clerk to the Local 
Education Authority. (.6610.) 


UNIVERSITY OF MANCHESTER 

Applications are invited for the post of Research 
Assistant in the Computing Machine Laboratory, 
tenable in the first instance for a period of ap- 
proximately one year Applicants should have a 
degree in mathematics or equivalent qualifications 
The person appointed will be required to assist 
in research into the use and design of electronic 
computers. Previous experience of electronic com- 
puters is desirable but not essential. The salary 
will be according to age and qualifications 

Applications should be sent not later than 
February 11, 1961, to the Registrar, the University 
Manchester 13, from whom further particulars and 
forms of application may be obtained 


UNIVERSITY OF SOUTHAMPTON 

Applications are invited for the post of Lecturer 
or Assistant Lecturer in the Department of 
Mechanical Engineering. Candidates should have 
experience in hydraulics. clasticity or materials 
Salary scales: Lecturer, £1.050 by £50 to £1,400 
by £75 to £1,850 with an cfficiency bar at £1,475 
Assistant Lecturer, £800 by £50 to £950. The 
initial salary will depend on qualifications and 
experience. 

Further particulars should be obtained from 
the Secretary and Registrar, the University, South- 
ampton, to whom applications (seven copies from 
United Kingdom applicants), should be sent not 
later than February 18, 1961 


UNIVERSITY OF MANCHESTER 

Applications are invited for the post of Research 
Assistant in the Computing Machine Laboratory, 
tenable in the first instance for a period of ap- 
proximately one year Applicants should have a 
degree in mathematics or equivalent qualifications 
The person appointed will be required to assist in 
the operation of a Computing Service on the 
Mercury and Atlas electronic computers. Previous 
experience of electronic computers is desirable but 
not essential. The salary will be according to age 
and qualifications 

Applications should be sent not later than 
February 4, 1961, to the Registrar, the University, 
Manchester, 13, from whom further particulars 
and forms of application may be obtained 


NATURE 


HAREFIEFLD HOSPITAI 
HAREFIELD, MIDDX 


SENIOR LABORATORY TECHNICIAN 
(Grade 1) and SENIOR LABORATORY 
TECHNICIAN (Grade ID) with special ex 
perience in haematology and blood transtu 
sion work, required for the above General 
and Chest Hospital 


London weighting payabk 


Applications, with names of two referces 
to the Hospital Secretary 


FEDERAL GOVERNMENT OF NIGERIA 
RESEARCH OFFICERS 


REQUIRED by the Federal Institute of 
Industrial Research of the Ministry of 
Commerce and Industry, Oshodi near 
Lagos, to carry out one of the following 
duties under the direction of senior officers 


(a) Laboratory research and development 
work on the extraction and use of 
vegetable oils, essential oils 


(>) On fermentation processes in connec- 
tion with local fruit supplhes and tarm 
wastes 


(<) On leather, tanning, wood extracts, 
gums, resins, drugs, dyes 


(d) On coal products and by-products, tar 
distillation, etc 


tc) To carry out pilot plant investigations 
and factory scale development work 
on food processing, vegetable oil ex 
traction, fibres, wood pulp, and wood 
extracts and other indigenous raw 
materials 


To carry out pilot plant investigations 
and factory scale development work 
on coal processing and tar distilla- 
tion 


All the Research Officers will be expected 
to carry out laboratory research and de- 
velopment work on any Nigerian raw 
material 


Candidates, men and women acceptable, 
must possess a first- or second-class honours 
degree in chemistry, biochemistry or chemi- 
cal technology or an equivalent qualification 
They must have at least two years’ post- 
graduate experience and a flair for research 
and a capacity for clear imaginative 
thinking 


Appointment on contract for one tour of 
12 to 18 months in the first instance with 
Prospect of extension Salary according to 
qualifications and experience in the scale 
£1,080 to £2,040 per annum (including In- 
ducement Addition), plus gratuity of £150 
per annum on satisfactory compietion otf 
service Outfit allowance of £60 on salaries 
under £1,741. Free passages for officers and 
wives Children’s allowances while separ- 
ated. Liberal home leave on full pay 
Income tax at low local rate. Quarters at 
low rent. 


Write for application forms and further 
Particulars within ten days of publication 
stating briefly age, qualifications and experi- 
ence, to the Recruitment Attaché, Office of 
the High Commissioner for Nigeria, Nigeria 
House, 9 Northumberland Avenuc, London, 


| 


ceramic 


W.C.2, quoting E.14/4 


THE BRITISH CERAMIC RESEARCH 
Association invites applications for a post in the 
Liaison Department of its Pottery Division. The 
work involves the development of new hiaison 
activities between the Association and the industry, 
and requires a man with scientific or technological 
qualifications who has had experience in the 
industry Applications should be 
addressed to the Director of Research, the British 
Ceramic Research Association, Queens Road, 
Penkhull, Stoke-on-Trent 
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UNIVERSITY OF SHEFFIELD 
IMPERIAL CHEMICAL INDUSTRIES 
RESEARCH FELLOWSHIPS 

Applications are invited for Imperial Chemical 
Industries Fellowships tenable at the University of 
Sheffield Fellowships may be awarded for the 
purpose of carrying Out original research in chem 
stry, physics, engineering (including chemical en- 
gineering), metallurgy, pharmacology. or related 
subjects, and will be tenable from October 1, 1961 
Save in exceptional circumstances Fellows will be 
equired to carry out the whole of their research 
work in Sheffield Applicants should preferably 
hold the deeree of Ph.D., or have equivalent re 
search experience The annual stipend of a Fellow 
will depend upon age, qualifications and experi 
ence. but will be within the range £800 to £1,100 
together with F.S.S.U. provision. Fellowships will 
be tenable for a period to be decided in each case, 
but not exceeding three years in all 

Applications (cight copies), stating age, details 
of career and qualifications, publications and an 
vutline of the proposed research, together with 
the names of two referees, should be sent, not 
later than February 28, 1961. to the Registrar, 
the University. Sheffield, 10, from whom further 
inquiries may be made 


INSTITUTE OF OPHTHALMOLOGY 
UNIVERSITY OF LONDON 
JUDD STREET, LONDON, W.C.1 

Vacancies exist for Laboratory Technicians (A) 
In Department of Pathology, tor work on (1) 
Histology and (2) Bacteriology and/or Immuno- 
logy Grading up to Senior II according to ex- 
perience and qualifications And (B) in Research 
Department for work in Physiological Research of 
the Eye 

Further particulars from and applications, with 
names of two referees, to Secretary at above 
address 


UNIVERSITY OF LONDON 
READERSHIP IN APPLIED MATHEMATICS 
AT QUEEN MARY COLLEGE 

The Senate invite applications for the Reader- 
ship in Applied Mathematics tenable at Queen 
Mary College (salary £1,675 to £1.975 to £2,425 a 
year plus £80 London allowance) 

Applications (ten copies), must be received not 
later than February 24, 1961, by the Academic 
Registrar, University of London, Senate House, 
W.C.1, from whom further particulars may be 
obtained. 


MIDDLESEX HOSPITAL MEDICAL 
SCHOOL 
DEPARTMENT OF BIOLOGY AS APPLIED 
TO MEDICINE 

Applications are invited for the post of Lecturer 
in Radiation Biology in the Department, the ap- 
pointment to begin in October, 1961. The success- 
ful candidate will be expected to participate in the 
teaching of pre-medical, medical, and postgradu- 
ate students, but ample opportunities will be 
offered for research 

Applications, in triplicate, and with the names 
of two referees. should be made before April 1, 
1961, to the Secretary, Department of Biology as 
Applied to Medicine, Middlesex Hospital Medical 
School, London, W.1, from whom further par- 
ticulars can be obtained. 


UNIVERSITY OF WESTERN 


ONTARIO 
DEPARTMENT OF BOTANY 

Applications are invited for a Postgraduate Re- 
search Fellowship for the study of micro-organisms 
involved in cellulose decomposition. Annual 
stipend $2.500 for at least three years. Date of 
appointment to be arranged 

Applications, with curriculum vitae and names 
of two referees, should be sent, not later than 
February 28, 1961, to Professor C. J. Hickman, 
Department of Botany. University of Western 
Ontario, London, Canada, from whom further in- 
formation can be obtained 


JNIVERSITY OF LEEDS 
ELECTRONIC COMPUTING LABORATORY 

Applications are invited for the post of Com 
puting Assistant in Electronic Computing Salary 
w thin the range £600 to £950 a year ; tenure three 
years Applicants should possess an honours de- 
gree in mathematics or in a pure or applied 
science 

Applications (three copies), stating date of birth, 
qualifications and experience, toecther with the 
names of two referees, shou'd reach the Registrar, 
the University, Leeds, 2 (from whom further par- 
ticulars may be obtained). not later than February 
17, 1961 
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GRADUATE. 
CHEMIST 


A vacancy exists at our 


NEWCASTLE 
FACTORY 


for a Graduate Chemist to work on 
PROCESS CONTROL and DEVELOP- 
MeNT in the field of DECORATIVE 
LAMINATES 

Applicants should be University Gradu- 
ates, and experience in this ficld would be 
an advantage, although not essential. 

This is an outstanding opportunity for a 
young man to join a 


NEWLY-FORMED 
DEPARTMENT 


and the prospects are excellent 


There is a pension scheme in operation 
and the salary will be fully commensurate 
with ability and qualifications 

Applications in writing, giving full details 
of experience, should be addressed to 


Personnel Manager, 
COMMERCIAL PLASTICS LTD.., 


75 Grosvenor Street, 
London, W.1 


NATURE 


UNIVERSITY COLLEGE OF 
SOUTH WALES AND 


MONMOUTHSHIRE 
DEPARTMENT OF CHEMISTRY 

Applications are invited for the post of Assist- 
ant Lecturer at a salary on the scale £850 by £50 
to £950. The applicant should have special quali- 
fications in inorganic chemistry or in physical 
chemistry 

Applications (six copies), giving the names of 
three referees, should be sent to the Registrar 
University College, Cathays Park. Cardiff, from 
whom further particulars may be »btained. 
Closing date for applications, February 28. 1961. 


CHEMICAL ENGINEERS 


A large and progressive chemical com- 
pany cngaged in the manufacture of organic 
and inorganic chemicals, requires enginecrs 
who possess an honours degree in chemical 
engineering or associate membership of the 
Institute of Chemical Engineers 


Applicants should preferably be 25/30 
and should have had at least three years’ 
experience in either production research or 
factory development department Exper- 
ence in estimation and process design is 
desirable but not essential 


The positions are progressive and there is 
a contributory pension scheme 


Apply to Box No. 944. T. G. Scott and 
Son, Ltd., 1 Clement's Inn, London, W.C.2 


UNIVERSITY OF LONDON 
(British Postgraduate Medical Federation) 
INSTITUTE OF NEUROLOGY 
(QUEEN SQUARE) 

KNOOP 

Applications for this Fellowship (which may be 
held for up to seven years) are invited from medi- 
al of science graduates The Fellow will work 
n the Department of Chemical Pathology and will 
be engaged in the study of the degenerative neuro- 
logical disorders of the central nervous system 
especially those of an hereditary or familial nature 

Further details of the nature and scope of the 
research may be oMained from Professor J : 
Cumines at the Institute of Neurology (Queen 
Square), The National Hospital, Queen Square, 
London, W.C.1 


UNIVERSITY OF NOTTINGHAM 


Two Lecturers in Education (men or women) 
required with qualifications in any one of the 
following (a) Classics (b) Arts degree, with 
Secondary Modern School experience : (c) Science 
degree (pure or applicd) with experience in 
Secondary Technical Schools and /or further educa- 
tion Salary scale £1,050 to £1,850 per annum 
initial salary according to qualifications and ex- 
perience. with F.S.S.U. benefits and children’s 
allowance 

Conditions of appointment and form of appli- 
cation, to be returned by February 11, 1961, from 
the Registrar 


EAST MALLING RESEARCH STATION 
Vacancy for Botanist, who is keen to apply a 
variety of approaches, including a study of de- 
velopment anatomy, to the problem of how egrow- 

conditions affect the storage behaviour of 

Appointment in Scientific Officer grade 

honours degree cssential postgraduate 

training or research experience desirable Details 

and application forms from Secretary East 

Malling Research Station, Maidstone Kent 
Closing date February 20 


PATENT EXAMINERS AND PATENT 
Officers Pensionable posts for men and women 
for work on the examination of Patent applica- 
tions Age at least 21 and under 29 on Decem- 
ber 31, 1961, with exten:ion for regular forces 
service and Overseas Civil Service Qualifica- 
tions : Normally a degree, of a Diploma in Tech- 
nology, with first- or second-class honours in 
physics, chemistry engineering or mathematics 
or equivalent attainme 1 professional qualifi 

A.M.I.Mech E 

London salary 
£759 to £1,704, provision for starting pay above 
minimum Promotion prospects*—-Write Civil 
Service Commission, 17 North Audley Street 
London, W.1 for application form. quoting 
$/128 /61. 


RESEARCH INTO AVIAN 
DISEASES 


\ SCIENTIST experienced in the field of 
svian pathology is sought by a Company 
wishing to sponsor research in this speciality 
Poultry will not be a study. Candidates may 
have a Veterinary or Zoological or other 
appropriate qualification and will have had 
several years of practical experience of both 
infective and nutritional disease in birds 
He or she will be required to establish 
ind control an aviary and associated labor- 
atory 


The salary will not be less than £2,000 
per annum 

Box No. GI876, Whites, 72 Fleet 
Street, London, E.C.4 


QUEEN MARY COLLEGE 
(UNIVERSITY OF LONDON) 
Applications are invited for a new post of 
Assistant Lecturer in Botany tenable from Octobe 
1, 1961 Preference will be given to apphcant 
with a research interest in some aspect of experi 
mental botany. Salary scale £800 by £50 to #95! 
plus a London allowance of £60, F.S.S.U. partici 
pation and Family allowance of ¢50 for eact 

chiid 

Application forms, obtainable from the Regis 
trar. Queen Mary College, Mile End Road, E.! 
to be returned by February 20, 1961 


QUEEN MARY COLLEGE 
(UNIVERSITY OF LONDON) 
Applications are invited for the post of Assistant 
Lecturer in Geology with special interest in Harc 
Rock Petrology and Mineralogy Tenable fron 
October 1. 1961. Salary scale £800 by £50 to £951 
plus a London allowance of £60, F.S.S.U. partic - 
pation and family allowance of £50 for each child 
Application forms, obtainable from the Regis- 


| trar Queen Mary College, Mile End Road, E.1, 


to be returned by February 20 


UNIVERSITY OF WESTERN ONTARIO 
London, Canada: N.R.C. postdoctoral Research 
Fellowship with preference for structural geology 
but other ficlds considered if candidate has satis- 
factory qualifications Stipend is $4,000 singic 
$5,000 married. tax free, plus travel and generous 
equipment allowance Application blanks, and 
information from Chairman, Geology Department 
Closing date May 1, 1961.—Applications from can- 
didates for graduate degrees also received until 
April 1 


January 28. 1961 


A SENIOR MICROBIOLOGIST 


is required at Worthing to take charge of 
the Microbiological Laboratory associated 
with Antibiotic Production 

Applicants shou'd be qualified and pre- 
ferably have had previous experience of 
Microbiolozical Assay methods, sterility test- 
ing and culture maintenance techniques 

Good salary, non-contributory pensions 
and staff profit sharing schemes in operation 

Apply in writing, giving details of age 
qualifications and experience to: Personne! 
Officer, Beecham Research Laboratorics 
Ltd., Clarendon Road, Werthing, Sussex 


UNIVERSITY OF NEW ENGLAND 
ARMIDALE, NEW SOUTH WALES 
LABORATORY ASSISTANTS AND 

TECHNICIANS 

Applications are invited for appointment to pos: 
tions of Laboratory Assistant and Technician in 
the Faculty of Rural Science Applications wil 
be received from people who are qualified to 
assist with teaching and research in chemistry, in 
cluding biochemistry and plant and soil chemistry 
physiology, microbiology and pathology. In-service 
training may be undertaken towards a Diploma in 

Science Technology. Commencing wages will be 

fixed according to qualifications and experience up 

to £A.26 Ss. 9d. per week (males) and £A.22 &s. 10d 
per week (females) subject to future variations tn 
the basic wage Four weeks annual leave ; libera! 
sick leave and long service leave Fares will ts 
paid and removal expenses of up to £A.200 
Applications from within Australia and New 

Zealand should be forwarded to reach the under 

signed not later than February 24, 1961 Apph- 

cants outside Australia and New Zealand should 
forward their applications to the Secretary, Asso- 
ciation of Universities of the British Common- 
wealth, 36 Gordon Square, London, W.C.1, by the 
same date They should also forward an addi- 
tional copy of their application by air mail w the 
undersigned Applications should give full par 
ticulars of qualifications and experience, together 
with the names of two referees 
T LAMBLE, 
Registrar 
University of New England 
Armidale, N.S.W., Australia 


POSTDOCTORATE FELLOWSHIP 
IN NUCLEAR PHYSICS 


A National Research Council of Canada Post 
doctorate Fellowship will be available in 1961-62 
for experimental work in nucicar spectroscopy or 
related topics in the Physics Department oft 
Queen's University The stipend, which is tax 
free. is $4,000 for a single person and $5,000 for 
a married maic 

Inquiries should be addressed to Dr. H. W 
Taylor, Department of Physics, Queen's University 
Kingston, Ontario, Canada 


UNIVERSITY OF LIVERPOOL 

Applications are invited for the post of Assist- 
ant Lecturer or Lecturer in the Department ot 
Pure Mathematics The initial salary will be 
within the range £800 to £1,250 per annum 
according to age, qualifications and experience 

Applications, stating age, academic qualifications 
and experience, together with the names of three 
referees, should be received not later than Febru 
ary 3, 1961, by the Registrar. from whom further 
particulars of the conditions of appointment may 
be obtained. Ref. CV/N 


ESSEX COLLEGE 
ASSUMPTION UNIVERSITY OF WINDSOR 
WINDSOR, ONTARIO, CANADA 
The Department of Mathematics offers Graduate 
Assistantships to candidates wishing to proceed to 
the M.Sc. in Mathematics. Stipend up to $2.000 
for cight months depending on qualifications and 
duties in that Department. Assistants may pursuc 

courses in pure or applied mathematics. 
Inquiries should be addressed to the Head of 
the Department of Mathematics 


FIELDSMAN EXPERIENCED PERSON 
required before April 1 who will be responsible 
for the placing and supervision of the growing 
and harvesting of al! our crops of Aberystwyth 
seeds, and advice to Representatives on leys, etc. 
A house is available. Pension Fund.—Please write 
in confidence to Managing Director, stating age, 
experience and salary required to: W. Sinclair 
and Son Limited, 35 Market Place, Boston, 
Lincolnshire 
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January 28, 1961 


UNIVERSITY OF MANCHESTER 
IMPERIAL CHEMICAL INDUSTRIES 
FELLOWSHIPS 

Applications are invited for the above Research 
Fellowships, founded by Impcrial Chemical Indus- 
tries Ltd., tenable in the University and available 
for research in branches of Chemistry 
Chemical Engineering. Engineering echnolory 
Physics and sub s he value of the 
Fellowships within the range of £800 to 
21,100 per annum according to qualifications and 
experience 

Regulations governing the award of the Fellow 
ships may be obtained from the Registrar, the 
University, Manchester 13, to whom applications 
should be sent not later than February 14, 1961 


UNIVERSITY OF MANCHESTER 
TURNER AND NEWALL RESEARCH 
FELLOWSHIPS 

Applications are invited for the above Research 
Fellowships founded by Messrs Turner and 
Newall Lid.. tenable in the University and avail- 
able for research in engineering, inorganic chem 
wtry, physics and allied subjects Ihe value of 
the Fellowships within the range of £800 
to £1,100 per according to qualifications 
and experience 

Reguiations governing the award of the Fellow 
ships may be obtained trom the Registrar, the 
University, Manchester 13, to whom applications 
should be sent not later than February 14, 1961 


PEA GROWING RESEARCH 
ORGANIZATION LTD 


Applications are invited ater than Febru 
3, from male eraduates in agriculture yr re- 
for the ing ysts: (1) Senor 
cing salary up to 
£1,000 per annun Techmecal Officer Com- 
mencing salary up to ¢t oO per annum 
Further particulars and application 
obtained from the Secretary, Pea 
Yaxley, Peterborough 


STOKE MANDEVILLE 
AYLESBURY 
Assistant Biochemist required in the Area Patho- 
logy Laboratory based at the above Hospital. Ap- 
plicants should possess first- or second-class 
honours degree in chemistry or biochemistry, of 
A R.1.C. Whitley Council conditions of service 
Salary £925 to £1,150 per annum after (for new 
entrants only) a probationary period The post 
offers a wide variety of experience in a well- 
equipped and pleasant laboratory 
Applications, giving full details of qualifications 
together with names of two referees, to be 
the Administrative Officer as 


varnous 


will be 
annum 


not 


forms may 


Research 


HOSPITAL 


etc 
forwarded to 
as possible 
UNIVERSITY OF LEICESTER 
Applications invited for LCA. Research 
wships in Physics. Biochemistry 
Geology Salary within the range t°00 to 
£1.000 a year. according to qualifications and cx 
perience, with F.S.S.1 and family allowances 
Applications giving age full particulars ot 
qualifications, training and experience list of pub- 
hcations, and the names of two referees, should 
he sent not later than March 4, to the Registrar 
from whom further particulars may be obtained 


RESEARCH ASSISTANT WANTED AT 
Stoke Mandeville Hospital for immunological 
work. The person appointed would work directly 
with the pathologist undertaking the research. 
Immunological background and a knowledge of 
serological techniques desirable. Salary £750 to 
£1,000 per annum according to qualifications.— 
Inquiries and applications, giving details of ex- 
perience and the names of two referees, to the 
Pathologist, Stoke Mandeville Hospital, Aylesbury, 
Bucks 


THE SCIENTIFIC CIVIL 
men and women for pensionable posts as 
(a) Experimental Officers and (b) Assistant Ex- 
perimental Officers in Mathematics, Physics, 
Meteorology, Chemistry, Metallurgy, Biological 
Sciences, Engineering, Miscellaneous (Geolory, 
Library and Technical Information Services) 
Candidates must, on December 31, 1961, be at 
jeast 26 and normally under 31 for (a), and at 
jeast 18 and normally under 28 for (b). Quali- 
fications should normally include HSC or 
G.C.E.. or equivalent, or H.N.C., a University 
degree, or a Diploma in Technology. Provisional 
admission if taking examinations in 1961. London 
salary scale (a) £1,117 to £1376; (b) £465 10s 
(at 18) to £826 (26 or over) rising to £1,009 
Promotion prospects. Further education facilities 

Write Civil Service Commission, 17 North 
Audley Street, London, W.1, for application 
form, quoting §/94-95 /61. 


soon 
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NATURE 


CHELSEA COLLEGE OF SCIENCE 
AND TECHNOLOGY 
MANRESA ROAD, LONDON, S.W.3 
DEPARTMENT OF MATHEMATICS 
Applications are invited for the post of Reader 
n Applied Mathematics. Salary scale: £1,800 by 
£50 to £2,100 per annum, plus London allowance 

f £38 or £51 according to age 

Information about the Department, 
with further particulars of the post 
tained from the Clerk to the Governors 
cations by February 15, 1961 


SOUTH WARWICKSHIRE 
HOSPITAL GROUP 


Biochemist (Principal Grade) required 
harge of the Biochemical Department of 
Group Laboratory. Lakin Road, Warwick 
ippointment, which is under Whitley 
scales and conditions, will be vacant in 
Hospitals may be visited by candidates 

Applications, giving aec, details of experience 
and qualifications and the names of three referees 
to Group Secretary. 50 Holly Walk. Leamineton 
Spa. by February 18, 1961 


FELLOWSHIPS AND ASSISTANTSHIPS 
for advanced degree students in the fields of metal- 
urgy., ceramics and semiconductors A new 
Materials Research Centre provides exceptional 
faciliues for basic research and graduate studies 
n kinetics physical ceramics and metallurgy, im- 
perfection studies m solids, physics of solids 
thermodynamics and X-ray diffraction Appl: 
cantg with degrees in mathematcs. the physica! 
engineering will be considered, De- 
partment of Materials Science, the Technological 
Institute, Evanston, [lino 


THE LABORATORY OF BACTERIOLOGY 
Cornell University invites applications for 
feaching ang Research Assistantships Appli- 
ants must be qualified to work for an advanced 
jegree (M.S. or Ph D.) in Bacteriology, although 
wior bacteriology training is not required 
stipends are usually in the range of $2.200 to 
33.200 per annum. Applications for the academic 
car 1961-42 should be completed by April 
Surther details and information nray be obtained 
rom Professor Ef A. Delwiche, Laboratory of 
Bacteriology, Corncli University, Ithaca, New 
York, U.S.A 
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UNIVERSITY OF BELFAST 

The Senate of the Queen's University of Belfast 
invites applications for a Lectureship in Applied 
Mathematics from October 1. 1961 Salary range 
£1,050 to £1,850 plus contributory pension rights 
under the F.S.S.1 Initial placing on the salary 
scale will depend on qualifications and experience 
Applications should be received by February 28, 
1961 

Further particulars may be obtained from G. R 
Cowie, M.A.. LL.B., J.P., Secretary 


UNIVERSITY OF NOTTINGHAM 
DEPARTMENT OF AGRICULTURE 

App are invited for the following posts 

Aericultur Sutton Bonineton 

Aecriculture (Ammal Product on) 

scale £1,050 to £1,850 per annum, with 

benefits and children’s allowance De 

partmental Assistant in Animal Physiology. Initial 

per annum £850 at end of 


cations 


rising to 


conditions of 
February 4 


application and 
returned by 
ttungham University 


IMPERIAL COLLEGE OF SCIENCE 


AND TECHNOLOGY 
RESEARCH STUDENTSHIPS IN 
GEOCHEMICAL PROSPECTING 

Applications are invited from Geolovy 
ates tor Research Studentships in 
chemistry (£600 to £800 per annum for two years) 
Starting October 1. 1961 Successtul applicants 
will carry out field work overseas during not more 
tinan two terms 

Apply Dr 
Imperial College, I 


UNIVERSITY 
READERSHIP 


appoint 


mms of 
t from the 


ment, to 
Registrar. N 


Gradu 
app'ied Geo- 


Webb Geology 
yndon, S.\W.7, before June 1 


OF LONDON 
IN VETERINARY MEDICINE 
AT ROYAL VETERINARY COLLEGE 
The Senate invite applications for the Reader- 
ship in Veterinary Medicine, tenable at the Roya 
Veterinary College (salary scale £1,675 to £1,975 
to £2,425 a year plus £80 London allowance) 
Applications (ten copies), must be received not 
later than February 28, 1961, by the Academic 
Registrar, University of London, Senate House 
W.C.1, trom whom further particulars may b« 
obtained 


Department 


TECALEMIT LIMITED. PLYMOUTH 
Devon, have a vacancy tor the post of Physicist 
Technologist in their Laboratory for testing 
non-metallic materials Applications are invited 
from men under 30 years of age with a University 
fegree who have not less than three years indus- 
trial or research experience, preferably connected 
vith one of the following materials: plastics, filter 
media, rubber and adhesives. The selected candi- 
fate will find interesting and varied work in the 
ongenial atmosphere of a modern and expanding 
factory The Company offers a contributory 
"ension-Life insurance scheme, together with a 
comprehensive range of welfare and recreational 
wtivities.—Please apply, in strictest confidence, to 
he Personnel Manager, giving age, together with 
*ualifications. experience and present salary 


VETERINARY OFFICERS, RESEARCH 
Yihicers Assistant Veterinary Investigation 
Officers: Ministry of Agriculture, Fisheries and 
Food Pensionable posts for men and women 
veed at least 23. M.R.C.V.S. normally required 
ind postgraduate experience desirable Present 
vacancies for Research Officers in virology 
Sacteriology and biochemistry National salary 
scales £926 (at 23) to £1,269 (at 32 or over) rising 
o £1,420, then to £1,778 Promotion prospects 

Write Civil Service Commission, Burlington 
Gardens, London, W.1 for application form, 
quoting 130-173-265 61. Early application advised 


PLANT PHYSIOLOGIST /BIOCHEMIST TO 
take an active part with a team of plant physio- 
logists in work on the physiology of host-resistance 
o the diseases of fruit plants Adequate know- 
ledge of the fundamentals of biological chemistry 
and posteraduate experience essential; under 35 
Salary according to age and experience, F.S.S.1 
appointment at once or in late summer.—Full 
ictails and forms of application may be obtained 
from the Secretary. East Malling Research Stauion 
East Malling, Maidstone, Kent, to whom they 
hould be returned not later than March 20 


SENIOR ANALYST REQUIRED (MALE OR 
female) for Research Establishment situated at 
Walton Oaks, near Tadworth, Surrey Experi- 
enced in general analytical duties, etc.. or would 
consider young graduate desiring to make a career 
in analytical chemistry Apply to Personnel 
Manager, Vitamins Ltd.. Upper Mall, London, 


UNIVERSITY OF GLASGOW 
MECHAN CHAIR OF AERONAUTICS AND 
FLUID MECHANICS 
University Court will shortly 
appointment to the Mechan Chair ot 
and Fluid Mechanics The 
appointment 
Particulars as to duties, salary and conditions 
of appointment may be obtained from the under- 
signed, with whom applications (20 copies) should 
be lodged, not later than March 10, 1961 
ROBT. T. HUTCHESON, 
Secretary of University Court 


The consider an 
Acronautics 


Chair is a full-time 


PFECHNICIAN 
required for the 


OR JUNIOR TECHNICIAN 
Human Cytogenetics Group of 
the Paediatric Research Unit, Guy's Hospital! 
Medical School, to assist with studies of human 
chromosomes Previous experience in cyto'ory or 
cytogenetics not essential, but some experience in 
either bacteriology, virology or microphotography 
would be an advantage. Salary on scale according 
to age, qualifications and experience Applications 
(two copies) should be sent to the Secretary 
Paediatric Research Unit, Guy's Hospital Medica! 
School, London Bridge, S.E.1 


THE BRITISH NON-FERROUS METALS 
Research Association, a leader in the field of 
specialized information services, is strengthening its 
Information Department and is about to make a 
senior and a junior appointment both of which 
will offer scope for advancement and carry salaries 
commensurate with responsibility and experience 
Applications are accordingly invited from gradu- 
ates in metallurgy. physics or chemistry. For the 
senior post, experience of either specialized in- 
formation services or in the preparation and pre- 
sentation of technical information is required. The 
junior post provides experience in methods of 
gathering and distributing information from world 
sources as well as training in editorial work.— 
Write Secretary, B.N.F.M.R.A., Euston Street. 
London, N.W.1 


TECHNICAL INFORMATION OFFICER RE- 
quired to head staff of 12 dealing with inquiries on 
wide ranee of industria! and allied subjects. Cen- 
tral London Salary up to £1,750.—Box 946, 

and Son, Ltd.. 1 Clement's Inn, 
> 


G. Scott 
London, W.C.2 
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SALTERS' INSTITUTE OF 


INDUSTRIAL CHEMISTRY 
FELLOWSHIPS 
Applications are invited for Salters’ Fellowships, 
of value in the range of £800 to £1,000 per annum 
(plus University fees and 10 per cent contribution 
to PS.S.U.). These Fellowships may be held by 
honours graduates in chemistry biochemistry 
Physics or engineering who desire to obtain further 
training in research in Chemistry, Biochemistry or 


Chemical Enginecring Candidates should 
yotained a doctor's degree or have had not less 
than three years’ postgraduate experience by the 
time of taking up the Fellowships Fellow- 
ships will be tenable, in the United Kine- 
dom or abroad, tor one year trom September |! 
1961, and may be renewed for one further year 

Applications should be received by the Clerk of 
the Salters Company, 36 Portland Place, London, 
W.1, by March 28, 1961 Applications may also 
be made at any time during the year but such late 


applications will only receive consideration if there 
are Forms of application may be had 
on request 


BOURNEMOUTH EDUCATION 


COMMITTEE 
BOURNEMOUTH MUNICIPAL COLLEGE 
TECHNOLOGY AND COMMERCE 
DEPARTMENT OF SCIENCE 
Lecturer in Mathematics required for May 1}. 
1961, to teach mathematics up to B.Sc. General 
degree level and also certain aspects of computing 
Applicants should possess good academic qualifi- 
cations in mathematics and cither experience of or 
an interest in numerical analysis Salary in ac- 
cordance with the Burnham Technica! Scale, viz 
Lecturer, £1,370 to £1,550 
Further particulars and form of application may 
be obtained from the Chief Education Officer, 
Town Hall, Bournemouth 


OF 


TIN RESEARCH INSTITUTE 
Graduate required to undertake research on the 
chemistry of metal surfaces Minimum starting 
salary £800 per annum Publication of research 
is encouraged and opportunity exists for the sub- 


mission of work for higher degrees FS.S.U 
bencfits 

Applications to the Director, Tin Research 
Institute, Fraser Road, Greenford, Middlesex 


UNIVERSITY OF ABERDEEN 

Applications are invited for an Assistant in 
Zoology in the Department of Natural History 
Preference may be given to candidates interested 
in vertebrate zoolovy Salary £800 to £950 
F.S.S.U.. and children’s allowance 

Particulars from the Secretary, the University, 
Aberdeen, with whom applications (two copies) 
should be lodged not later than February 28, 1961 


NATURE 


NATIONAL INSTITUTE OF 


AGRICULTURAL ENGINEERING 

WREST PARK, SILSOE, BEDFORDSHIRE 

Physicist or Soil Physicist (Ref. SD.1) for re- 
search on the mechanical and physica! properties 
of agricultural soils and their relationship to the 
performance of tillage imp!ements. Qualifications 
First- or second-class honours degree in physics 
with at least two years’ postgraduate experience in 
research or in natural science with at least two 
years’ experience or training in soil science 

Engineer (Ref. SD.2) research on the de 
sign and pertormance of plouvhs and cultivation 
machinery and on improved methods of cu'tiva- 
tion Qualifications First- or second-class 
honours degree in mechanical or agricultural en- 
gineering or equivalent and with postgraduate ex- 
perience in agriculture 

Appointments in Scientific Officer or Senior 
Scientific Officer grades at starting salaries, accord- 
ing to experience, on the scales £717 to £1,186 and 
£1,302 to £1,604 respectively, with superannua- 
tion under F.S.S.U. 

Application forms from Secretary to be returned 
by February 20, 1961, quoting appropriate refcr- 
ence number 


,ATIONAL INSTITUTE FOR 


RESEARCH IN DAIRYING 
ENGINEERING DEPARTMENT 


A TESTING OFFICER is required for 
performance testing of dairy machinery. Ap- 
plicants should preferably have experience of 
engineering testing work and an educational 
qualification to H.N.C. standard. 

The appointment will be made in the Ex- 
perimental Officer grade. the salary scale for 
which is £1,057 to £1,296 per annum, with 
superannuation 

Applications, stating qualifications and ex 
perience, age and present appointment, to 
the Secretary, N.I.R.D., Shinfield, Reading. 
quoting Ref. 61/3 


UNIVERSITY COLLEGE OF 
SOUTH WALES AND 
MONMOUTHSHIRE 


Applications are invited for two posts of Assist- 
ant Lecturer or Lecturer in the Department of 
Mathematics: 1. With qualifications in any branch 
of pure mathematics, and 2, with special! interests 
in numerical analysis or mathematical Statistics 

Further particulars may be obtained from 
Registrar, University College, Cathay’s Park. 
Cardiff, to whom applications (six copies), should 
be sent not later than February 28, 1961 


UNIVERSITY OF NOTTINGHAM 


Applications are invited for an Assistant Lec- 
tureship in Botany Special qualifications in 
aleology are essential Salary within the scale 


£800 by £50 to £950 per annum 

Conditions of appointment and form of appli 
cation, to be returned by February 18, from the 
Registrar 


UNIVERSITY OF CAMBRIDGE 
Applications are invited for a University 
Demonstratorship in Metallurgy: appointment wil! 


be from October 1, 1961. Applications close on 
March 31, 1961 

Details of duties, salary, etc., may be obtained 
from Dr. F. B. Kipping, University Chemical 


Laboratory. Lensficld Road, Cambridge 


UNIVERSITY OF CAMBRIDGE 
FELLOWSHIPS 

Applications are invited for Imperial! Chemical 
Industries Fellowships, value within the range £800 
to £1,100 a year, tenable in the University and 
available for research in physics, chemistry. colloid 
science, biochemistry, c¢nginecring metallurgy 
pharmacology, chemotherapy. or related subjects 

Applications must be received not later than 
April 29. 1901 Regulations governing the award 
of the Fellowships may be obtained from the 
Secretary General of the Faculties, the Old 
Schools, Cambridge, to whom all applications 
should be addressed 


FACULTY POSITION IN ORGANIC CHEM- 
istry or plant biochemistry. Duties include gradu- 
ate and undergraduate instruction and d'rection 
of eraduate research. Rank and salary dependent 
upon qualifications. —Inquiries should be addressed 
to Head, Department of Chemistry, University of 
Saskatchewan, Saskatoon, Saskatchewan, Canada 


BEDFORD COLLEGE (UNIVERSITY OF 
London), Regent's Park, N.W.1 Technician re- 
quired with some knowledge and experience of 
maintaining instruments and electronics apparatus 
Salary range £490 to £815 per annum, according 
to qualifications and experience. plus London 
Weichting. Good prospects of promotion.—Ap- 
plications to the Secretary 


UNIVERSITY COMPUTING 
invite applications for the Ferranti 
Fellowship in Computing, for one or two years 
from October 1, 1961 The successful candidate 
who should have at least two years’ research ex- 
perience, will be expected to do original work in 
any field connected with computation or other 
application of digital computers, and will have 
access to a Ferranti Mercury. The Fellowship is 
open to candidates of any nationality, has a 
stipend of £900 per annum, and is subject to the 
provision of F.S.S.U., where applicable Applica- 
tions, with details of academic and research ex- 
perience, and the names of two referees. should 
be sent before July 31, 1961, to the Director. 
University Computing Laboratory. 9 South Parks 
Road, Oxford 


MISCELLANEOUS 


MURDOCH TRUST 
For the BENEFIT of INDIGENT BACHELORS 
and WIDOWERS of character. over S* 
vears of age. who have done “ something ™ in the 
way of promoting or helping some branch of 
Science. Donations or pensions may be egranred 


OXFORD 
Laboratory 


to persons who comply with these conditions 

For particulars. apply to MESSRS SHEPITERD 
& WEDDERBURN, W.S., 16 Charioue Square, 
Edinburgh, 2. 
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TRADE ANNOUNCEMENTS 


SILICA CONES AND SOCKETS, VITREO- 
ul sihca tubing, polished silica discs and giazed 
sheet always in stock.—Custom built silica / quartz 
apparatus from Jencons, The Silica Centre, Mark 
— Hemel Hempstead, Hertfordshire. Boxmoor 


GRANTS & SCHOLARSHIPS 


EAST MALLING RESEARCH 
STATION 

BLACKMAN RESEARCH 
STUDENTSHIP, 1961 

The East Malling Research Station Association 
offers one postgraduate Studentship of £500 per 
annum (tax free), for training in research upon 
some fundamental problem arising out of the 
orchard culture of fruit trees, or their growth. 
flowering, or fruiting 

The object of the Studentship is to provide ap 
Opportunity for training at a centre where exce. 
lent facilities exist for the study of perennial plants 
and of the experimental procedures appropriate to 
research on them ; it is hoped that first-class men 
will be attracted 

Candidates (men) must be of British nationality 
and hold a good degrce of a university of the 
United Kingdom in an appropriate subject : their 
Nominators must provide specific recommendations 
as to their suitability for training for a research 
career 

Studentships for training in research in the fields 


V.H 


of entomology, plant pathology, and pomology 
already have been awarded, preference will be 
given to candidates in other ficlds; it is hoped 


that it will be possible to make the award for 1961 
in plant physiolocy (studies of growth and form), 
Or in tree nutrition, or in pomology. Candidates 
in other disciplines will, however, receive con- 
sideration 

No undertaking concerning the candidate’s sub- 
sequent career is either given or required. The 
Studentship will normally be tenable for three 
years and it is hoped that full advantage will be 
taken of the available opportunities for proceed- 
ing to a higher degree In suitable cases the 
Studentship will be for four years, to enable the 
selected student to undertake a postgraduate year 
at a uMiversity, prior to commencing his three- 
year period of research at East Malling 

It is intended that the supervision of the student 
by a senior member of the Station's staff (a Recoe- 
nized Teacher in the case of students registered for 

postgraduate degree of the University of London) 
shall, wherever possible, be carried out in full 
collaboration with a senior member of the aca- 
demic staff of his university. Prior to the termina- 
tion of the Studentship. the postvraduate will be 
required to provide a ful! and satisfactory account 
of his research in the form of a thesis 

At East Malling the numerous long-term experi 
ments upon the growth and cropping of mature 
fruit trees are accompanied by numerous small- 
scale and short-term experiments on younver trees 


There are cight research sections (Pomo'logy. 
Statistics, Plant Physiology. Biochemistry, Fruit 
Nutrition, Plant Pathology. Entomoloey. and Plant 


each well equipped to pro- 
techniques It is 


Protective Chemistry) 
vide training in appropriate 
intended that the successful applicant shall not 
only be enabled to obtain a thorough working 
knowledge of ficld experimentation and of the rele- 
vant Statistical procedures during his tenure. but 
shall also have the opportunity of developing his 
scientific experience on as wide a basis as is 
feasible 

Application forms are obtainable from the Sec- 
retary, East Malline Research Station, East 
Malling, Maidstone, Kent, to whom they should 
be returned not later than April 15, 1961. 


UNIVERSITY OF OXFORD 
METALLURGICAL RESEAKCH 
Several! Research Bursaries are offered for work 
in the Department of Metallurgy on various prob- 
lems in Physical Mcetallurey The Bursars are 
expected to read for the Oxford D.Phil. degree, 
and the work provides valuable training and 
experience. The Bursaries are of the value equiva- 
kat to those of D.S.1.R. Research Studentsh px (at 
present £420 per annum tax free, plus approved 

fees) 

Candidates should have a first- or good second- 
class honours degree in metallurey. physics or 
chemistry and should apply as socn as possible to 
Professor Hume-Rothery. Department of 
Metallurey. Parks Road, Oxford. from whom full 
details can be obtained Applications can be re- 
ceived from those eraduating in the Summer of 
1961, and those appointed will be expected to 


begin work on October | 
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SALTERS’ INSTITUTE OF 


INDUSTRIAL CHEMISTRY 
SCHOLARSHIPS 
Applications are invited for Salters’ Scholarships, 
value £450 to £550 per annum according to 
circumstances (plus University tees), for a graduate 
resident in the United Kingdom with an honours 
degree in chemistry, biochemistry, physics or en- 
gineering, for the purpose of receiving either full- 
time instruction in the principles of Chemical 
Enginecring or further experience by research in 
Chemistry or Chemical Engineering Applica- 
tons may be made before graduation The 
Scholarships will be tenable for one year and 
may be renewed year by year for two further 
years Tenure abroad may be permitted in the 
third vear 
Applications should be received by the Clerk of 
Salters’ Company, 36 Portland Place, London, 
by March 28, 1961 Forms of application 
may be had on request 


ATO GRAN 
for participation in 
CANADIAN THEORETIC aL “PHYSICS 
SEMINAR 
Two grants of value $750 (£268) each are being 
offered by the North Atlantic Treaty Organization 
on a competitive basis to students of theoretical 
physics from NATO countries to attend the 
Second Quadriennial Theoretical Physics Seminar 
of the Canadian Association of Physicists to be 
held August 13 to September 9 at the University 
of Montreal. The seminar features lecture series 
by outstanding theoretical physicists as well as 
informal discussion on physics 
For further information and application forms 
write Dr. D. D. Betts. Department of Physics, 
University of Alberta, Edmonton, Canada. Dead- 
line for applications is April 15. 


LECTURES AND COURSES 


LANCHESTER COLLEGE OF 
TECHNOI OGY 
COVENTRY 
DEPARTMENT OF APPLIED PHYSICS 
Short Course on 
RECENT ADVANCES IN 
NON-DESTRUCTIVE TESTING * 
February 23-24, 1961 

A short course for physicists and engineers will 
be held on Thursday and Friday, February 23 
and 24, 1961, and will include the following 
topics Radiovraphy, Internal Friction, Ultra- 
sonics, Eddy Currents, Surface Crack Detectors, 
Electromagnetic Methods of Quality Control, 
Fluoroscopy and Economics. 

Fee: £1 2s. 

Full particulars and forms of application from 
the Head of the Department of Applied Physics, 
Lanchester College of Technology, Priory Street, 
Coventry. 


BATTERSEA COLLEGE OF 
LONDON, S.W.1I1 
Postgraduate courses in Crystallography, consist- 
ing of one year ftull-tme or two years part-time, 
will begin on October 2, 1961. These courses pre- 
pare for either the Internal degree of M.Sc. 
(Crystallography) of the University of London, or 
the College Postgraduate Diploma (D.C.T. 
(Batt.)) Scholarships are available certain 
circumstances 
For further details apply 
Crystallography Section. 
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EGE OF AERONAUTICS 
EAR DIPLOMA COURSE 1961-1963 
ions are invited from suitably qualified 
women who wish to enrol! for the Two- 
oma Course which begins in October 
is Postgraduate course in Acronautical 


and Engincering is intended primarily for 


graduates in engineering science or 
cs Technical College students and 
© possess a higher national certificate, 
fr equivalent qualification and attain the 
ntrance examination standard may also 
The curriculum includes the sub 
aircraft design, electrical 


1 engincering, materials, production and 


administration and aircraft propulsion in 


ch subjects a major specializatic 
Lectures and laboratories in 
obligatory for all 
be considered by the Board 
may cal! candidates to attend at 
written Entrance Examination in 
Mechanics, and Mathematics 
March 27, 1961 Exemp 
will normally only be 
first- or second- 


may 
mathe- 
students 


for 
Physics, 
on Monday, 
this examination 
candidates possessing 
yurs degrees in science or engineering 
for honours degrees The Board may 
attendance for personal interview at 
te Candidates who possess Bachelor's 
ith first- or second-class honours in acro- 
also in science or engineering if they 
postgraduate experience, may at 
Board of Entry be accepted 
year of the course and 


to the second 


for the Diploma (D.C.Ac.) 


information about the course and forms 
tion, which must be completed and re 
t later than Saturday, March 4, 1961 
the Warden, The College 
utics, Cranfield, Bletchley, Bucks 
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UNIVERSITY OF BIRMINGHAM 
GRADUATE TRAINING IN RADIOBIOLOGY 

Research (and graduate) training in Radiobio- 
logy is provided jointly by the Faculties of Science 
ind Medicine It is intended for candidates for 
Ph.D. by research but a few MSc. registrations 
may be pted. A twelve months introductory 
course of lectures and practical work is followed 
by normally two years individual research. M.Sc 
candidates take the introductory course only. Re- 
search Studentships of the DS.I.R. may be 
awarded to suitable applicants and the introduc- 
tory course has been accepted by the D.S.LR. as 
suitable for the tenure of its Advanced Course 
Studentships 

Applicants holding or 
200d honours degree in 
Biological, or Medical Science should write for 
further details and forms of application to the 
Assistant Registrar (Science), the University 
Edgbaston, Birmingham, 15 


UNIVERSITY OF NOTTINGHAM 
M.SC. DEGREE IN MYCOLOGY 

The University offers a one year postgraduate 
course leading to an M.Sc. degree in mycology by 
examination for students holding a good honours 
degree in botany. D.S.I.R. has accepted this 
course as suitable for the tenure of its Advanced 
Course Studentships 

Further particulars and application 
available from the Registrar 


GRESHAM LECTURES, DR w H 
Steavenson, F.R.A.S., Gresham Professor in 
Astron my. will deliver a course of four Lectures 
entitled ** The Sky by Day and Night,’” on Mon- 
day w Thursday, January 40 to February 2 at 
Gresham College, Basinghall Street, E.C.2. Tel. 
MONarch 2433.—The Lectures are free and begin 
at 5.30 p.m 
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FSEX HOSPITAL 
SCHOOL 
LONDON, W.1 
TMENIS OF PHYSICS AND OF 
XGY AS APPLIED TO MEDICINE 


in Radiation Biology and Radiation Physics 


leading to an MSc. by ex- 
will be offered from October, 1961 
c is open to selected graduates in the 
t biological sciences or in medicine. 

first year students will take a course 
the fundamentals of modern biology 


(those with little or no previous biological trainine) 


or 
physics) 


end of their first year, 
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(those with little background in 
After a qualifying cxamination at the 
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ytection in the nuclear energy industry 
number of Studentships may be avail 


and application 
Secretary, De- 
of Biology as Applied to Medicine, 
Hospital Medical School, London, W.1 
ns must be received before May |. 1961 


details of the course 


from the 


MEDICAL 


UNIVERSITY 
Geology 


entitled 


Mountains 
Ksiazkiewicz (Cracow) at 5.30 p.m 


at Queen 
Admission 
Academic 


OF LONDON: A LECTURE 
of the Polish Carpathian 
be delivered by Professor M 
on February 7 
Mary College. Mile End Road, E.1 
free, without ticket.—James Henderson. 
Registrar. 


will 


UNIVERSITY OF LONDON: A COURSE OF 
three iectures entitled “* The Electronic Structure 
of Metals" will be delivered by Professor A. B 
Pippard (Cambridge) at 5.30 p.m. on February 2, 
9 and 16, at Imperial College (New Physics Build- 
ing), Prince Consort Road, South Kensington, 
S.W.7. Admission free, without ticket.--James 
Henderson, Academic Registrar. 


FOR SALE AND WANTED 


ALMOST ANY BACKNUMBERS' AND 
volumes of Nature wanted Also learned and 
scientific journals, transactions of most kinds. 
Further: Notes and Queries, the Annual Register, 
Quarterly Review, Palmer's and/or the Official 
Index to the Times, British National Bibliography. 
English Catalogue of Books, Journal Royal Philo- 
sophical Society, Royal Statistical Society, etc.— 
H_ Pordes, 138 New Cavendish Street, London, 
W.1. MUSeum 5250. 

WANTED, USED UNICAM S.P.500 
trophotometer.—Offers to Box No. 942, T. 4 
Scott and Son, Ltd., 1 Clement's Inn, Laube 
W.C.2 

WANTED: JOURNAL OF THE INSTITUTE 
of Heatine and Ventilating Engineers, Vol. 24, 
May, 1956 and Vol. 25, July, 1957.—Librarian, 
The General Electric Company Ltd., Hirst Re- 
search Centre, Wembley, Middlesex. 

REQUIRED: LENSES, MIRRORS, PRISMS. 
Reflectors, old or surplus Government, or optical 
instruments.—Box No. 947, T. G. Scott and Son, 
Ltd., Clement's Inn, London, W.C.2 


De You Heed: 


Analytical Grade 


Ion Exchange Resins? 


(Prepored from Dowex Resins) 


ASK FOR PRICE LIST NM 


Laboratories 


32nd & GRIFFIN AVE. « RICHMOND, CALIFORNIA 


J 


OFA 
BZ 


No Quantity too small 


Also at: 


BRASS e COPPER e DURAL 
e ALUMINIUM e BRONZE e 
ROD, BAR, SHEET, TUBE, STRIP, WIRE 

3,000 STANDARD STOCK SIZES 
@ List on application 
H. ROLLET & CO., LTD. 


6, CHESHAM PLACE, LONDON, S.W.!. 
LIVERPOOL, LEEOS, MANCHESTER, BIRMINGHAM 


SLOane 3463 


Sold by : 


CGA |’> 
Oo 
AAA Oxygen 


Oxygen=—17 


GAS and LABELLED COMPOUNDS 
Based on the research of the : 
Isotope Departmen , Weizmann Institute of Science 


YEDA Research and Dev lopment Co. Ltd. 
REHOVOTH, ISRAEL 
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METALS 

DIVISION 

| THE METALS DIVISION 
of National Research Corpora- 
tion, located at Cambridge, 


Massachusetts in the United 
States, is a principal producer of 
high purity tantalum and tan- 
talum alloys for the electronics, 
chemical, nuclear, missile and 
metallurgical industries. 


As the result of our rapidly expanding pro- 
duct development programme, we are seeking 
an able 


PHYSICAL 
CHEMIST 


with a strong background in 
basic physical chemistry—pre- 
ferably with Ph.D. degree. 


This position, which is on our staff in Cam- 
bridge, Massachusetts, requires a man of 
diverse interests who is capable of contribut- 
ing to all aspects of the product and process 
development of specially-tailored metals and 
inorganic compounds for the electronics 
industry. We shall, of course, assume 
relocation expenses of successful candidate. 


Interested applicants should send 
résumé, outlining education, ex- 
perience and salary objectives, to 
Dr. C. J. B. Fincham, Manager 
of Product Development, co 3 
Lansdowne Square, Hove 2, Sussex, 
prior to February 17, 1961. Per- 
sonal interviews for qualified can- 
didates will be held in London. 


METALS DIVISION 


January 28, 1961 


ADVANCED ENGINEERING TRAINING 


The College of Aeronautics 
offers courses at post-graduate level in 


AERONAUTICAL SCIENCE AND TECHNOLOGY 
SPACE TECHNOLOGY ~- FLUID MECHANICS 
GUIDED MISSILES 
CONTROL ENGINEERING (Process Control! aad Flight Control 
THE PHYSICS AND MECHANICS OF 
STRUCTURAL MATERIALS - WELDING TECHNOLOGY 
PRECISION ENGINEERING - PRODUCTION TECHNOLOGY 
AND INDUSTRIAL ADMINISTRATION 
OPERATIONAL RESEARCH © ERGONOMICS 


The Advanced School 
of Automobile Engineering 
offers courses at post-graduate level in 


AUTOMOBILE ENGINEERING 


Candidates for admission should be university 

graduates in engineering, science or mathematics 

or have attained that standard of education 

through engineering training and experience. The 

successful completion of a course leads to the 
award of a Diploma 


Information on these courses, and on bursaries which are 
available, can be obtained from 
Ihe Warden, The College of Aeronautics, 
Cranfield, Bletchley, Bucks 


opHEeT 

T .* The ‘Tophet’ range of resistance materials 
is eminently suitable for use under the 
most exacting conditions as the physical 
and mechanical properties always remain 
constant, ensuring long and efficient 
service. 

For complete electrical and physical data 
regarding ‘Tophet’ resistance wires, stain- 
less steels and ultra fine wire, as well as 
particulars of our ‘Truflex’ thermostatic 
bimetal. please write for copy of our 
‘Resistance Handbook.’ 


GILBY-BRUNTON LIMITED 


Head Office & Works : 
SEAMILL, MUSSELBURGH, SCOTLANO 
Telephone : Musselburgh 2369 
London Office: 47 WHITEHALL, S.W.1 
Telephone: WHitehal! 6058 


| 
eT Z 
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Cambridge, Massachusetts, U.S.A. 
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dehydrated 
foods 


Drying food to preserve itis a 
technique of considerable antiquity, 
inevitably so in a world of seasonal 
food supply. Not that early examples of 
preserved food were to everyone's taste 
There are still some primitive people 
who prefer a dish of well-rotted fish 
when there is no fresh food to be had 
but they are a minority 

The earliest records of food drying go 
back to the Sumerians in 3300 B.C. 

Sun drying was used then, and 
continued to be used solely, until 
towards the end of the 18th century 
when stove and tunnel drying were 
introduced. But survival was always the 
prime motive, and while the quality of 
the dried foods was distinctive—and 
sometimes interesting—it did not 
always approximate to that of the fresh 
food from which it was prepared 

Other means of preserving food have 
been developed of course--pickling, 
curing, canning, etc.—and have their 
own virtues, but they result again in 
quite distinctive food products. 

With quick-freezing there was a major 
breakthrough—as it were—to preserved 
food with the quality of fresh food. 
Now dehydration is coming forward 
again with new concepts, which give it 
greater potential to compete with fresh 
food on its merits, and so to be 
complementary to quick-freezing. Much 
of the spadework of this new approach 
has been carried out by such people as 
Ede, Marshall and Flosdorf. 

Unilever are already active in this work, 
in which success will depend not only 
on technical advances in method— 
spraydrying, freezedrying, airdrying, 
etc.—but equally on a knowledge of 
breed or strain characteristics, of 
growth behaviour, of pre-treatment of 
the fresh food and post-treatment 

of the dehydrated food. In Unilever 
Research, then, Graham, Dow, Evans, 
Taylor and Withers are actively 
investigating all these related problems 
of food dehydration—basic and applied. 


UNILEVER RESEARCH 


January 28, 1961 OXXXi 
5 
| 
| 
ie 
thas 
iva 
Pal 


NATURE 


January 28, 1961 


SPRAY DRYERS 


For production of animal, 
vegetable and 


products of all kinds. 


350 industrial 
laboratory N.A. Spray 


Dryers are in operation 


—backed by 25 years’ 
experience 


Sole Agents 
for the British Isles: 


CORNWELL PRODUCTS LTD. 
56-60 Hallam Street, 
LONDON, W.1 


Tel. LAN 5025-6-7 


chemical 


and 220 


throughout the world 


NIRO ATOMIZER LT 


12 Aurehojvej-Hellerup 
COPENHAGEN-DENMARK 


ZENITH 


(REGO, TRADE-MARK) 


TUBULAR SLIDING 


RESISTANCES 
Back-of-Board 
Types 


Rugged, robust, reliable rheo- 
stats, ratings from 200 to 2,000 
watts. Clutch fitted to prevent 
over turning. Laminated phos- 
phor bronze contacts fitted as 
standard to avoid residual 
resistance at all-out position. 
Carbon contacts available when 
desired. 

Illustrated catalogue of 

all types free on request 


The ZENITH ELECTRIC CO. Ltd. 
ZENITH WORKS, VILLIERS RD., WILLESDEN GREEN 
LONDON, N.W.2 
Phone: WiLiesden 6581-5 Grams : Vottaohm, Norphone, London 
MANUFACTURFRS OF ELECTRICAL EQUIPMENT 
INCLUDING RADIO AND TELEVISION COMPONENTS 


STAINS & REAGENTS 


for Microscopy 


We are 
the 


Sole Manufacturers 
of: 
“EUPARAL” 2) 
“MURRAYITE” 
“MERSOL” 


See catalogue S.7 


Part of our extensive service to Biologists 


FLATTERS & GARNETT LTD. 


309 Oxford Road, Manchester 13 
Est. 1901 
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Incidental Information 


Simplified milk phosphatase test 


p-Nitrophenylphosphoric acid, disodium salt (di-sodium p-nitropheny|! 
phosphate) is used as a substrate in the milk phosphatase test of 
Aschaffenburg and Mullen now gaining in popularity and recognition 
because of its simplicity and speed. (See J. Dairy Res., 16, 58 (1949), 
and Dairy Ind., 18, 316 (1953)). 
We make the reagent and can supply from stock. A suitable 
Lovibond Comparator for this test is obtainable from Baird & 
Tatlock (London) Ltd. 


Karl Fischer catalyst 


This well known method for the determination of water is 
widened in scope and increased in precision by the use of Karl 
Fischer Catalyst (.V-ethylpiperidine}—available with instruc- 
tions from Hopkin & Williams Ltd. Please write for in- 
struction leaflet. 


Uranium by spectrophotometry 


Our 1-(2-pyridylazo)-2-naphthol (PAN for short), already known 
as a metal indicator for complexometric titrations, (H. Flaschka 
and H. Abdine, Mikrochim. Acta, 770 (1956); Anal. Abs., 4, 794 


(1957)) is now described as a spectrophotometric reagent of high 
specificity for uranium (H. Shibata, Ana/. Chim. Acta, 22,479 (1960)). 


Sensitive reagent for Calcium 


We also make di-(o-hydroxyphenylimino) ethane (glyoxal-bis-{2- 
hydroxy anil)), a specific colour reagent for microgram quantities of 
calcium in solution. 


In the solid state calcium oxide can be detected in mixtures of mag- 
nesium, strontium and barium oxides. (D. Goldstein and C. Stark- 
Meyers, Anal. Chim. Acta, 19, 437 (1958)). Its use as a complexometric 

indicator is described by Goldstein in Anal. Chim. Acta, 21, 339 (1959). 


The above are further examples of the great range 


of up-to-date reagents made available 
by Hopkin & Williams Ltd. 


FINE CHEMICALS 


for research, analysis and industry 
HOPKIN & WILLIAMS LTD., CHADWELL HEATH, ESSEX, ENGLAND 
Branches: London, Manchester, Glasgow 


TAS HW.1? 


Agents throughout U.K. and all over the world 
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B.T.L. 
anhydric 


incubators 


In addition to the well-known 
‘Bara’ water-jacketed 
incubators, B.T.L. now offer 
anhydric incubators in two 
sizes with a range of 25 C- 
110°C, good thermal stability 
and an economical price. 
Identical cultures, chosen for 
their intractability, 

incubated both in these and in 
a water-jacketed type, have 
shown no difference in results, 
The incubators have three 
aluminium shelves locatable 
on eight runners, an inner 
door of toughened plate glass, 
and a B.T.L. bi-metallic 
temperature regulator with 
locking device and pilot light. 


Large Model Cat. No. C 13/017 £69-10-0 
Small Model Cat. No. C13/018 £47-10-0 complete 
laboratory 


Please send for full details service 
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